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Preface 


The  Common  Framework  of  Science  Learning  Outcomes  K  to  12 
is  the  result  of  a  joint  activity  between  the  Council  of  Ministers  of 
Education,  Canada  and  participating  jurisdictions.  The  framework 
is  designed  for  curriculum  developers,  to  assist  them  in  developing 
science  curriculum  that  meets  the  needs  of  students  in  their  respective 
jurisdictions. 

A  conceptual  organization  of  the  framework 

At  all  times  when  making  use  of  this  framework,  curriculum 
developers  and  other  education  stakeholders  must  keep  in  mind 
that  the  learning  outcomes  in  this  framework  are  intended  to 
develop  scientific  literacy  in  Canadian  students. 

The  vision  of  scientific  literacy  included  in  this  document  sets  out 
the  need  for  students  to  acquire  science-related  skills,  knowledge, 
and  attitudes,  and  emphasizes  that  this  is  best  done  through  the 
study  and  analysis  of  the  interrelationships  among  science, 
technology,  society,  and  the  environment  (STSE). 


The  conceptual  map  on  the  next  page  illustrates  the  relationships 
among  the  components  of  the  Common  Framework  of  Science 
Learning  Outcomes  K  to  12.  The  learning  outcomes  in  the  framework 
flow  from  a  vision  for  scientific  literacy  in  Canada,  the  section 
responding  to  the  scientific  literacy  needs  of  Canadian  students 
and  society,  and  the  framework's  four  foundation  statements. 
This  conceptual  map  provides  the  blueprint  for  the  framework 
and  is  the  basis  from  which  general  and  specific  learning  outcomes 
have  been  developed. 
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Indicators 

Components  of  the  framework 

The  major  components  of  the  framework  are:  the  introductory 
section,  which  includes  the  foundation  statements;  general  learning 
outcomes;  specific  learning  outcomes  presented  by  grade  grouping; 
and  specific  learning  outcomes  presented  by  grade. 

Introductory  section 

The  introductory  section  contains  information  that  guided  the 
development  of  the  learning  outcomes.  Jurisdictional  expertise, 
input  from  a  broad  range  of  education  stakeholders,  a  variety 
of  science  education  reform  documents,  and  science  education 
research,  was  drawn  upon  to  develop  a  vision,  an  outline  of  the 
scientific  literacy  needs  of  Canadian  students,  foundation  statements, 
and  a  description  of  these  foundation  statements. 

Foundation  statements 

The  foundation  statements  form  the  basis  of  the  framework. 
They  constitute  the  starting  point  for  the  development  of  all 
subsequent  work.  They  also  identify  the  key  components  of 
scientific  literacy.  The  four  foundations  are  science,  technology, 
society,  and  the  environment  (STSE),  skills,  knowledge,  and  attitudes. 


General  learning  outcomes 

The  general  learning  outcomes  are  written  for  the  end  of  grades  3, 
6,  9,  and  12.  They  are  intended  to  be  broad  statements,  indicating 
what  students  should  know  and  be  able  to  do  by  the  time  they 
reach  these  key  points  in  their  education. 

Learning  outcomes  by  grade  grouping 

The  specific  learning  outcomes  are  presented  in  two  ways. 
The  first  presentation  is  by  grade  groupings.  The  grade  groupings 
are  kindergarten  to  grade  3,  grade  4  to  grade  6,  grade  7  to  grade  9, 
and  grade  10  to  grade  12. 

Learning  outcomes  presented  by  grade 

The  second  presentation  clusters  the  specific  learning  outcomes 
by  grade  in  the  context  of  particular  ideas  related  to  life  science, 
physical  science,  and  earth  and  space  science.  Each  cluster  presents 
specific  learning  outcomes  grouped  together  by  grade  under  the 
rubric  of  STSE,  skills,  and  knowledge.  An  illustrative  example 
accompanies  each  "cluster"  to  demonstrate  how  some  of  the  specific 
learning  outcomes  presented  could  be  addressed  within  the  broader 
context  of  the  cluster. 
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1.  Introduction 


In  September  1993,  the  Council  of  Ministers  of  Education,  Canada 
endorsed  the  Victoria  Declaration,  which  outlined  a  plan  for  future 
directions  in  Canadian  education.  The  Declaration  outlined  the 
following  beliefs  held  in  common  by  all  Ministers: 

We  believe  that  education  is  a  lifelong  learning  process. 
We  also  believe  that  the  future  of  our  society  depends  on 
informed  and  educated  citizens  who,  while  fulfilling  their 
own  goals  of  personal  and  professional  development, 
contribute  to  the  social,  economic,  and  cultural  development  of 
their  community  and  of  the  country  as  a  whole.  Beyond  our 
borders,  Canadian  education  should  reflect  the  priorities  of 
Canadians  while  contributing  to  strengthening  Canada's  place 
internationally. 

We  share  many  common  educational  goals  and  we  agree 
to  ensure  greater  harmonization  of  the  ways  we  set  about 
achieving  them.  There  is  already  in  place  a  vast  range  of 
educational  opportunities  across  Canada  that  should  be  fully 
accessible  to  individual  learners.  We  jointly  want  to  have 
the  highest  quality  education  based  on  shared  and  relevant 
goals,  and  to  demonstrate  accountability  for  achieving  them. 

Above  all,  we  want  all  citizens  to  have  a  fair  and  equitable 
opportunity  in  whatever  educational  and  training  endeavours 
they  may  pursue. 


In  February  1995,  the  Council  of  Ministers  of  Education,  Canada 
adopted  the  Pan-Canadian  Protocol  for  Collaboration  on  School 
Curriculum.  The  protocol  acknowledges  that  education  is  a  provincial 
and  territorial  responsibility,  while  recognizing  that  interjurisdictional 
co-operation  can  contribute  to  improving  the  quality  of  education 
in  the  country.  In  keeping  with  the  protocol,  participating  jurisdictions 
believe  that  sharing  human  and  financial  resources  can  increase 
the  quality  and  efficiency  of  the  curriculum  development  processes 
in  Canada.  ' 


The  Common  Framework  of  Science  Learning  Outcomes  K  to  12 
(hereinafter  called  the  framework)  is  the  first  joint  development 
project  initiated  under  the  protocol.  The  framework  sets  out  a 
vision  and  foundation  statements  for  scientific  literacy  in  Canada, 
outlines  general  and  specific  learning  outcomes,  and  provides 
illustrative  examples  for  some  of  these  outcomes.  The  framework 
provides  common  ground  for  the  development  of  curriculum  within 
each  participating  jurisdiction,  and  may  result  in  more  consistency  in 
the  learning  cuitcomes  for  science  across  jurisdictions.  Other  potential 
benefits  include  a  greater  harmonization  of  science  curriculum  for 
increased  student  mobility,  the  development  of  quality  pan-Canadian 
learning  resources,  and  collaboration  in  professional  development 
activities  by  teachers  of  science.  Each  jurisdiction  will  determine 
when  and  how  the  framework  is  to  be  used. 


All  work  on  this  project  was  done  simultaneously  in  French 
and  English. 

The  development  of  the  framework  involved  the  expertise  of 
participating  ministries  and  departments  of  education,  in  collaboration 
with  teachers,  students,  school  administrators,  parents,  business 
representatives,  postsecondary  educators,  and  other  partners  in 
education.  This  framework  is  intended  for  curriculum  developers 
in  the  various  jurisdictions,  especially  those  who  work  within 
ministries  and  departments  of  education.  Other  education 
stakeholders  may  also  be  interested  in  consulting  this  document. 


2.   A  vision 

for  scientific  literacy  in  Canada 


The  framework  is  guided  by  the  vision  that  all  Canadian  students,  regardless  of  gender  or  cultural  background,  will  have  an  opportunity 
to  develop  scientific  literacy.  Scientific  literacy  is  an  evolving  combination  of  the  science-related  attitudes,  skills,  and  knowledge  students 
need  to  develop  inquiry,  problem-solving,  and  decision-making  abilities,  to  become  lifelong  learners,  and  to  maintain  a  sense  of  wonder 
about  the  world  around  them. 

Diverse  learning  experiences  based  on  the  framework  will  provide  students  with  many  opportunities  to  explore,  analyse,  evaluate,  synthesize, 
appreciate,  and  understand  the  interrelationships  among  science,  technology,  society,  and  the  environment  that  will  affect  their  personal 
lives,  their  careers,  and  their  future. 


3.  The  scientific  literacy  needs 

of  Canadian  students  and  society 


Canadian  society  is  experiencing  rapid  and  fundamental  economic, 
social,  and  cultural  changes  that  affect  the  way  we  live. 
Canadians  are  also  becoming  aware  of  an  increasing  global 
interdependence  and  the  need  for  a  sustainable  environment, 
economy,  and  society.  The  emergence  of  a  highly  competitive  and 
integrated  international  economy,  rapid  technological  innovation, 
and  a  growing  knowledge  base  will  continue  to  have  a  profound 
impact  on  our  lives.  Advancements  in  science  and  technology  play 
an  increasingly  significant  role  in  everyday  life.  Science  education 
will  be  a  key  element  in  developing  scientific  literacy  and  in  l:)uilding 
a  strong  future  for  Canada's  young  people. 

Consistent  with  views  expressed  in  a  variety  of  national  and 
international  science  education  documents,  the  following  goals 
for  Canadian  science  education  have  been  established  for  the 
purposes  of  this  framework.  Specifically,  science  education  aims  to: 


encourage  students  at  all  grade  levels  to  develop  a  critical  sense 
of  wonder  and  curiosity  about  scientific  and  technological 
endeavours 

enable  students  to  use  science  and  technology  to  acquire  new 
knowledge  and  solve  problems,  so  that  they  may  improve  the 
quality  of  their  own  lives  and  the  lives  of  others 

prepare  students  to  critically  address  science-related  societal, 
economic,  ethical,  and  environmental  issues 

provide  students  with  a  foundation  in  science  that  creates 
opportunities  for  them  to  pursue  progressively  higher  levels  of  study, 
prepares  them  for  science-related  occupations,  and  engages  them 
in  science-related  hobbies  appropriate  to  their  interests  and  abilities 

develop  in  students  of  varying  aptitudes  and  interests  a  knowledge 
of  the  wide  variety  of  careers  related  to  science,  technology, 
and  the  environment 


Science  education  must  be  the 
basis  for  informed  participation 
in  a  technological  society,  a  part 
of  a  continuing  process  of 
education,  a  preparation  for 
the  world  of  work,  and  a 
means  for  students'  personal 
development. 

Science  Council  of  Canada 
(1984) 


4.   Foundation  statements  for 
scientific  literacy  in  Canada 


[SJcientific  literacy  should 
remain  the  abstract  image 
that  leads  science  education 
reform. 

Eisenhart,  M.  et  al.  (1996) 


In  light  of  the  vision  for  scientific  literacy  and  the  need  to  develop 
scientific  literacy  in  Canada,  four  foundation  statements  were 
established  for  this  framev^ork.  Curriculum  developers  should  note 
that  these  foundation  statements  delineate  the  four  critical  aspects 
of  students'  scientific  literacy.  They  reflect  the  wholeness  and 
interconnectedness  of  learning  and  should  be  considered  as 
interrelated  and  mutually  supportive.  The  learning  outcomes  in 
this  framework  are  stated  in  relation  to  these  foundation  statements. 


Foundation  1: 

Science,  technology,  society,  and  the  environment  (STSE)  — 

Students  will  devek)p  an  understanding  of  the  nature  of  science  and 
technology,  of  the  relationships  between  science  and  technologv, 
and  of  the  social  and  environmental  contexts  of  science  and 
technology. 

Foundation  2: 

Skills  —  Students  will  develop  the  skills  icquiieu  lor  scicniilic 
and  technological  inquiry,  for  solving  problems,  for  communicating 
scientific  ideas  and  results,  for  w^orking  collaboratively,  and  for 
making  informed  decisions. 

Foundation  3: 

Knowledge  —  Students  will  commi  lici  know  ledge  and  understandings 
of  concepts  in  life  science,  physical  science,  and  Earth  and  space 
science,  and  apply  these  understandings  to  interpret,  integrate, 
and  extend  their  knowledge. 

Foundation  4: 

Attitudes  —  Students  will      encouraged  to  develop  attitudes 
that  support  the  responsible  acquisition  and  application  of  scientific 
and  technological  knowledge  to  the  mutual  benefit  of  self,  soc 
and  the  environment. 


4.1  Development  of  the  four 
foundation  statements 


Curriculum  developers  should  note  that  the  following  considerations 
about  student  learning  and  the  teaching  of  science  were  taken  into 
account  during  the  development  of  the  framework. 

Student  learning 

Student  learning  is  affected  by  personal  and  cultural  preconceptions 
and  prior  knowledge.  Students  learn  most  effectively  when  their 
study  of  science  is  rooted  in  concrete  learning  experiences,  related 
to  a  particular  context  or  situation,  and  applied  to  their  world  where 
appropriate.  Science  activities,  therefore,  occur  within  a  socio-cultural 
context,  are  interpreted  within  that  context,  and  are  designed  to 
extend  and  challenge  existing  views. 


The  ideas  and  understandings  that  students  develop  are  progressively 
extended  and  reconstructed  as  students  grow  in  their  experiences 
and  in  their  ability  to  conceptualize.  Learning  involves  the  process 
of  linking  newly  constructed  understandings  with  prior  knowledge 
and  adding  new  contexts  and  experiences  to  current  understandings. 

Learning  is  enhanced  when  students  identify  and  solve  problems. 
Through  such  learning,  students  develop  attitudes,  skills,  and  a 
knowledge  base  that  allow  them  to  explore  increasingly  complex 
ideas  and  problems,  especially  if  these  are  placed  in  a  meaningful 
context. 

Students  learn  to  understand  the  world  by  developing  personal 
conceptions,  constructing  mental  images,  and  sharing  these  with 
others  using  everyday  language,  in  diverse  situations  that  respect 
a  wide  variety  of  learners. 


[I]t  is  important  for  students 
to  learn  that  they  can  under- 
stand and  deal  with  the 
world  by  means  of  their  own 
observations  and  constructed 
explanations,  that  all  such 
explanatory  frameworks  have 
their  limitations,  and  that 
science  offers  frameworks 
for  explanations  and  control 
which,  while  also  limited  in 
scope,  have  been  shown  to 
possess  particular  explanatory 
power  and  which  have  thus 
become  accepted  by  the 
scientific  community  and 
by  society  as  a  whole. 

Science  Council  of  Canada 
(1984) 


I 


Teaching  of  science 


"(...)  Presenting  a  body  of 
knowledge  to  students 
(whether  it  is  in  telling  them 
more  or  showing  them  better) 
will  not  suffice  in  order  for 
students  to  understand, 
memorize  and  internalize 
that  knowledge.  Every  student 
must  individually  and 
personally  construct  each  bit 
of  understanding,  using  tools 
at  her  or  his  disposal,  namely 
her  or  his  own  ideas  and 
thought  processes." 

De  Vecchi,  G.  &  Giordan,  A. 

(1990) 


This  framework  of  outcomes  is  designed  to  support  the  development 
in  students  of  the  attitudes,  skills,  and  knowledge  needed  for 
developing  problem-solving  and  decision-making  abilities,  for 
becoming  lifelong  learners,  and  for  maintaining  a  sense  of  wonder 
about  the  world  around  them  —  in  short,  to  develop  scientific  literacy. 

Development  of  scientific  literacy  is  supported  by  instructional 
environments  that  engage  students  in  active  inquiry,  problem 
solving  and  decision  making.  Diverse  learning  experiences  involve 
designing  activities  so  they  are  set  in  meaningful  contexts.  It  is 
through  these  contexts  that  students  discover  the  significance  of 
science  to  their  lives  and  come  to  appreciate  the  interrelated  nature 
of  science,  technology,  society,  and  the  environment. 

To  facilitate  instructional  planning,  examples  of  instructional  contexts 
(called  "illustrative  examples")  are  provided  in  the  section  that  presents 
learning  outcomes  by  grade.  The  selection  of  particular  contexts 
and  their  development  will  likely  vary  with  the  local  situation, 
and  reflect  factors  such  as  the  prior  learning  of  the  students, 
the  dynamics  of  the  classroom,  the  nature  of  the  local  environment, 
and  available  learning  resources. 


Although  the  particular  contexts  may  vary,  the  overall  scope  and 
focus  will  normally  include  the  following  broad  areas  of  emphasis: 

•  a  science  inquiry  emphasis,  in  which  students  address  questions 
about  the  nature  of  things,  involving  broad  exploration  as  well 
as  focussed  investigations 

•  a  problem-solving  emphasis,  in  which  students  seek  answers 
to  practical  problems  requiring  the  application  of  their  science 
knowledge  in  new  ways 

•  a  decision-making  emphasis,  in  which  students  identify  questions 
or  issues  and  pursue  science  knowledge  that  will  inform  the 
question  or  issue 

Each  of  these  three  areas  of  emphasis  provides  a  potential  starting 
point  for  engaging  in  an  area  of  study.  These  studies  may  involve  a 
variety  of  learning  approaches  for  exploring  new  ideas,  for  developing 
specific  investigations,  and  for  applying  the  ideas  that  are  learned. 
Specific  ways  of  encouraging  students  to  explore,  develop  and 
apply  ideas  are  modelled  in  the  illustrative  examples. 

To  achieve  the  vision  of  scientific  literacy,  students  must  increasingly 
become  engaged  in  the  planning,  development,  and  evaluation  of 
their  own  learning  activities.  In  the  process,  they  should  have  the 
opportunity  to  work  collaboratively  with  other  students,  to  initiate 
investigations,  to  communicate  their  findings,  and  to  complete 
projects  that  demonstrate  their  learning. 

Description  of  the  foundation  statements 

The  descriptions  on  the  following  pages  provide  an  overview 
of  the  depth  and  breadth  of  each  foundation  statement. 


Foundation  1: 

Science,  technology,  society,  and  the  environment  (STSE)  — 

Students  will  develop  an  understanding  of  the  nature  of  science 
and  technology,  of  the  relationships  between  science  and 
technology,  and  of  the  social  and  environmental  contexts  of  science 
and  technology. 

This  foundation  statement  is  the  driving  force  of  the  framework. 
Many  learning  outcomes  presented  in  this  document  flow  directly 
or  indirectly  from  the  STSE  domain. 

This  foundation  focusses  on  three  major  dimensions: 

•  the  nature  of  science  and  technology 

•  the  relationships  between  science  and  technology 

•  the  social  and  environmental  contexts  of  science  and  technology 

Nature  of  science  and  technology 

Science  is  a  human  and  social  activity  with  unique  characteristics 
and  a  long  history  that  has  involved  many  men  and  women  from 
many  societies.  Science  is  also  a  way  of  learning  about  the  universe 
based  on  curiosity,  creativity,  imagination,  intuition,  exploration, 
observation,  replication  of  experiments,  interpretation  of  evidence, 
and  debate  over  the  evidence  and  its  interpretations.  Scientific 
activity  provides  a  conceptual  and  theoretical  base  that  is  used  in 
predicting,  interpreting,  and  explaining  natural  and  human-made 
phenomena.  Many  historians,  sociologists,  and  philosophers  of  science 
argue  that  there  is  no  set  procedure  for  conducting  a  scientific 
investigation.  Rather,  they  see  science  as  driven  by  a  combination 
of  theories,  knowledge,  experimentation,  and  processes  anchored  in 
the  physical  world.  Theories  of  science  are  continually  being  tested, 
modified,  and  improved  as  new  knowledge  and  theories  supersede 


existing  ones.  Scientific  debate  on  new  observations  and  hypotheses 
that  challenge  accepted  knowledge  involves  many  participants  with 
diverse  backgrounds.  This  highly  complex  interplay,  which  has 
occurred  throughout  history,  is  fuelled  by  theoretical  discussions, 
experimentation,  social,  cultural,  economic,  and  political  influences, 
personal  biases,  and  the  need  for  peer  recognition  and  acceptance. 

While  it  is  true  that  some  of  our  understanding  of  the  world  is 
the  result  of  revolutionary  scientific  developments,  much  of  our 
understanding  of  the  world  results  from  a  steady  and  gradual 
accumulation  of  knowledge. 

Technology,  like  science,  is  a  creative  human  activity  with  a  long 
history  in  all  cultures  of  the  world.  Technology  is  concerned  mainly 
with  proposing  solutions  to  problems  arising  from  human  adaptation 
to  the  environment.  Since  there  are  many  possible  solutions, 
there  are  inevitably  many  requirements,  objectives,  and  constraints. 
Hence,  the  chief  concern  of  technologists  is  to  develop  optimal 
solutions  that  represent  a  balance  of  costs  and  benefits  to  society, 
the  economy,  and  the  environment. 


Producing  science  knowledge 
is  an  intrinsically  collective 
endeavour.  There  is  no  such 
thing  as  stand-alone  science. 
Scientists  submit  models  and 
solutions  to  the  assessment  of 
their  peers  who  judge  their 
logical  and  experimental 
soundness  by  reference  to  the 
body  of  existing  knowledge. 

Larochelle,  M.  &  Desautels,  J. 

(1992) 


At  all  grade  levels,  relationships 
between  science,  technology, 
and  society  should  be  empha- 
sized, especially  for  all  the 
students  in  the  terminal  grades 
of  schooling  who  have  concern 
for  major  science-related 
social  issues. 

Keeves,  J.  &  Aikenhead,  G.S., 
in  Fraser,  B.J.  Sc  Walberg,  H.J. 

(1995) 


Relationships  between  science  and  technology 

While  there  are  important  relationships  between  science  and 
technology,  there  are  also  important  differences.  Science  and 
technology  differ  in  purpose  and  in  process.  Technology  is  more 
than  applied  science.  It  draws  from  many  disciplines  when  solving 
problems.  Throughout  history,  science  and  technology  have  drawn 
from  one  another.  They  are  inextricably  linked. 

By  understanding  the  relationships  between  science  and  technology, 
students  learn  to  appreciate  how  science  and  technology  interact, 
how  they  develop  in  a  social  context,  how  they  are  used  to  improve 
people's  lives,  and  how  they  have  implications  for  the  students 
themselves,  for  others,  for  the  economy,  and  for  the  environment. 


Social  and  environmental  contexts  of  science  and  technology 

The  history  of  science  highlights  the  nature  of  the  scientific  enterprise. 
Above  all,  the  historical  context  serves  as  a  reminder  of  the  ways  in 
which  cultural  and  intellectual  traditions  have  influenced  the  questions 
and  methodologies  of  science,  and  how  science  in  turn  has  influenced 
the  wider  world  of  ideas. 

Today,  a  majority  of  scientists  work  in  industry,  where  research 
is  more  often  driven  by  societal  and  environmental  needs  than 
by  the  pursuit  of  fundamentals.  As  technological  solutions  have 
emerged,  many  of  them  have  given  rise  to  complex  social  and 
environmental  issues.  These  issues  are  increasingly  becoming  part  of 
the  political  agenda.  The  potential  of  science  to  inform  and  empower 
decision  making  by  individuals,  communities,  and  society  as  a  whole 
is  central  to  achieving  scientific  literacy  in  a  democratic  society. 


Scientific  knowledge  is  necessary  but  is  not  in  itself  sufficient 
for  understanding  the  relationships  among  science,  technology, 
society,  and  the  environment.  To  understand  these  relationships, 
it  is  also  essential  to  understand  the  values  inherent  to  science, 
technology,  a  particular  society,  and  its  environment. 

As  students  advance  from  grade  to  grade,  the  understandings  about 
STSE  interrelationships  are  developed  and  applied  in  increasingly 
demanding  contexts.  In  the  early  years,  considerable  attention  is 
given  to  students  acquiring  an  operational  understanding  of  these 
interrelationships.  In  the  later  years,  these  understandings  are  more 
conceptual  in  nature.  Growth  in  STSE  understandings  may  involve 
each  of  the  following  elements: 

•  complexity  of  understanding  -  from  simple,  concrete  ideas 
to  abstract  ideas;  from  limited  knowledge  of  science  to  more 
in-depth  and  broader  knowledge  of  science  and  the  world 

•  applications  in  context  -  from  contexts  that  are  local  and  personal 
to  those  that  are  societal  and  global 

•  consideration  of  variables  and  perspectives  -  from  one  or  two 
that  are  simple  to  many  that  are  complex 

•  critical  judgement  -  from  simple  right  or  wrong  assessments 

to  complex  evaluations 

•  decision  making  -  from  decisions  based  on  limited  knowledge, 
made  with  teacher  guidance,  to  decisions  based  on  extensive 
research,  involving  personal  judgement  and  made  independently, 
without  guidance 


For  individual  students,  the  development  of  STSE  understandings 
may  be  earlier  or  later  than  the  times  identified  in  the  framework, 
depending  in  large  part  on  their  stage  of  cognitive  and  social 
development. 


There  can  be  no  greater 
contribution  or  more  essential 
element  to  long-term 
environmental  strategies 
leading  to  sustainable 
development  that  respects 
the  environment...  than  the 
education  of  future  generations 
in  matters  relating  to  the 
environment. 


UNESCO  (1988) 


Science  is  a  creative  process 
which  attempts  to  discover 
and  understand,  thereby 
generating  knowledge.... 
Science  is  often  viewed  as 
both  a  product  and  a  process. 

Hart,  E.R  (1987) 


Foundation  2: 

Skills  —  Students  will  develop  the  skills  required  for  scientific 
and  technological  inquiry,  for  solving  problems,  for  communicating 
scientific  ideas  and  results,  for  working  collaboratively,  and  for 
making  informed  decisions. 

Students  use  a  \  ariety  of  skills  in  the  process  of  answering  questions, 
solving  problems,  and  making  decisions.  While  these  skills  are  not 
unique  to  science,  they  play  an  important  role  in  the  development 
of  scientific  understandings  and  in  the  application  of  science  and 
technology  to  new  situations. 

The  listing  of  the  skills  is  not  intended  to  imply  a  linear  sequence  or 
to  identify  a  single  set  of  skills  required  in  each  science  investigation. 
Every  investigation  and  application  of  science  has  unique  features 
that  determine  the  particular  mix  and  sequence  of  skills  involved. 

Skills  are  identified  for  each  grade  grouping  and  at  each  grade 
level.  Most  of  the  basic  skills  are  given  considerable  attention 
in  the  early  years,  while  specific  skills  are  developed  and  refined 
in  the  senior  years. 

Four  broad  areas  of  skills  are  outlined  in  the  framework. 

Each  group  of  skills  is  developed  from  kindergarten  to  grade  12, 

with  increasing  scope  and  complexity  of  application. 


Initiating  and  planning 

These  are  the  skills  of  questioning,  identifying  problems,  and 
developing  preliminary  ideas  and  plans. 

Performing  and  recording 

These  are  the  skills  of  carrying  out  a  plan  of  action,  which  involves 
gathering  evidence  by  observation  and,  in  most  cases,  manipulating 
materials  and  equipment. 

Analysing  and  interpreting 

These  are  the  skills  of  examining  information  and  evidence, 
of  processing  and  presenting  data  so  that  it  can  be  interpreted, 
and  of  interpreting,  evaluating,  and  applying  the  results. 

Communication  and  teamwork 

In  science,  as  in  other  areas,  communication  skills  are  essential  at 
every  stage  where  ideas  are  being  developed,  tested,  interpreted, 
debated,  and  agreed  upc:)n.  Teamwork  skills  are  also  important,  since 
the  development  and  application  of  science  ideas  is  a  collaborative 
process  both  in  society  and  in  the  classroom. 


Interactions  among  the  four  areas  of  skills 


Initiating  and 
planning 


Communication 
and  teamwork 


Performing  and 
recording 


Analysing  and 
interpreting 


As  students  advance  from  grade  to  grade,  the  skills  they  have 
developed  are  applied  in  increasingly  demanding  contexts.  Growth 
in  skills  may  involve  each  of  the  following  skill  elements: 

•  range  of  application  -  from  a  limited  range  to  a  broad  range 
of  applications 

•  complexity  of  application  -  from  simple,  direct  applications  to 
applications  that  involve  abstract  ideas  and  complex  interpretations 
and  judgements 

•  precision  of  measures  and  manipulations  -  from  coarse  measures 
and  manipulations  to  those  that  are  precise 

•  use  of  current  and  appropriate  technologies  and  tools  -  from 
working  with  a  few  simple  tools  to  working  with  a  broad  array 
of  specialized  and  precise  tools 

•  degree  of  independence  and  structure  -  from  working  under  teacher 
guidance  or  in  a  structured  situation  to  working  independently 
and  without  guidance 

•  awareness  and  control  -  from  following  a  predetermined  plan 
to  an  approach  involving  awareness,  understanding,  and  control, 
such  as  selecting  skills  and  strategies  that  are  most  appropriate 
to  the  task  at  hand  and  making  use  of  metacognition  and  strategic 
thinking 

•  ability  to  work  collaboratively  -  from  working  as  an  individual 
to  working  as  part  of  a  team 

For  individual  students,  the  development  of  specific  skills  may 
be  earlier  or  later  than  the  times  identified  in  the  framework, 
depending  in  large  part  on  their  stage  of  cognitive,  physical, 
and  social  development. 


Applying  skills  in  context 

Students  should  be  provided  with  opportunities  to  develop  and 
apply  their  skills  in  a  variety  of  contexts.  These  contexts  connect  to 
the  STSE  component  of  the  framework  by  linking  to  three  processes 
for  skills  application: 

•  science  inquiry  -  seeking  answers  to  questions  through 
experimentation  and  research 

•  problem  solving  -  seeking  solutions  to  science-related  problems 
by  developing  and  testing  prototypes,  products,  and  techniques 
to  meet  a  given  need 

•  decision  making  -  providing  information  to  assist  the 
decision-making  process 


Foundation  3: 

Knowledge  —  Students  will  constaict  knowledge  and  understandings 
of  concepts  in  life  science,  physical  science,  and  Earth  and  space 
science,  and  apply  these  understandings  to  interpret,  integrate, 
and  extend  their  knowledge 

1  his  foundation  focusses  on  the  subject  matter  ot  science,  includ- 
ing the  theories,  models,  concepts,  and  principles  that  are  essential 
to  an  understanding  of  each  science  area.  For  organizational 
purposes,  this  foundation  is  framed  using  widely  accepted  science 
disciplines. 

Life  science 

Life  science  deals  with  the  growth  and  interactions  of  life  forms 
within  their  environments,  in  ways  that  reflect  their  uniqueness, 
diversity,  genetic  continuity,  and  changing  nature.  Life  science 
includes  fields  of  study  such  as  ecosystems,  biodiversity,  the  study 
of  organisms,  the  study  of  the  cell,  biochemistry,  genetic  engineering, 
and  biotechnology. 

Physical  science 

Physical  science,  which  encompasses  chemistry  and  physics, 
deals  with  matter,  energy,  and  forces.  Matter  has  structure  and 
there  are  interactions  among  its  components.  Energy  links  matter 
to  gravitational,  electromagnetic,  and  nuclear  forces  in  the  universe. 
The  conservation  laws  of  mass  and  energy,  momentum,  and  charge 
are  addressed  by  physical  science. 


Earth  and  space  science 

Earth  and  space  science  brings  global  and  universal  perspectives 
to  students'  knowledge.  Earth,  our  home  planet,  exhibits  form, 
structure,  and  patterns  of  change,  as  does  our  surrounding  solar 
system  and  the  physical  universe  beyond  it.  Earth  and  space  science 
includes  fields  of  study  such  as  geology,  meteorology,  and  astronomy. 

Creating  linkages  among  science  disciplines 

A  useful  way  to  create  linkages  and  among  science  disciplines  is 
to  use  unifying  concepts,  key  ideas  that  underlie  and  integrate 
different  scientific  disciplines  in  ways  that  assist  both  teachers  and 
students.  Unifying  concepts  are  meant  to  integrate  big  ideas  as  a 
way  to  provide  a  context  for  explaining,  organizing,  and  connecting 
knowledge.  Unifying  concepts  link  the  theoretical  structures  of  the 
various  scientific  disciplines  and  show  how  they  are  logically  parallel 
and  cohesive.  They  are  also  instructional  tools  that  cut  across 
disciplines  and  may  apply  as  well  in  mathematics,  technology, 
business,  and  politics. 

Four  unifying  concepts  were  used  in  the  development  of  this 
document.  These  unifying  concepts  were  useful  in  integrating  various 
elements  of  knowledge  from  the  three  disciplines  of  science  and  are 
described  on  the  next  page.  Curriculum  developers  are  encouraged 
to  consult  some  of  the  illustrative  examples  that  highlight  the  use 
of  these  unifying  concepts. 


Constancy  and  change 

The  concepts  of  constancy  and  change  underlie  most  understandings 
of  the  natural  and  technological  world.  Through  observations,  students 
learn  that  some  characteristics  of  materials  and  systems  remain 
constant  over  time  (e.g.,  the  speed  of  light  or  the  charge  on  an 
electron),  whereas  other  characteristics  change.  Through  formal 
and  informal  studies,  students  develop  an  understanding  of  the 
nature  of  things,  and  of  the  processes  and  conditions  in  which 
change  takes  place. 

Energy 

The  concept  of  energy  provides  a  conceptual  tool  that  brings  together 
many  understandings  about  natural  phenomena,  materials,  and  the 
process  of  change.  Energy,  whether  transmitted  or  transformed, 
is  the  driving  force  of  both  movement  and  change.  Students  learn 
to  describe  energy  in  terms  of  its  effects  and,  over  time,  develop 
a  concept  of  energy  as  something  inherent  within  materials  and 
in  the  interactions  between  them. 


Similarity  and  diversity 

The  concepts  of  similarity  and  diversity  provide  tools  for  organizing 
our  experiences  with  the  world.  Beginning  with  our  informal 
experiences,  students  learn  to  recognize  attributes  of  materials  that 
help  to  make  useful  distinctions  between  one  type  of  material  and 
another,  and  between  one  event  and  another.  Over  time,  students 
adopt  accepted  procedures  and  protocols  for  describing  and 
classifying  objects  they  encounter,  thus  enabling  them  to  share 
ideas  with  others  and  to  reflect  on  their  own  experiences. 

Systems  and  interactions 

An  important  part  of  understanding  and  interpreting  the  world  is 
the  ability  to  think  about  the  whole  in  terms  of  its  parts  and  altemately 
about  parts  in  terms  of  how  they  relate  to  one  another  and  to  the 
whole.  A  system  is  a  collection  of  components  that  interact  with 
one  another  so  that  the  overall  effect  is  much  greater  than  that 
of  the  individual  parts,  even  when  these  are  considered  together. 


Foundation  4: 

Attitudes  —  Students  will  be  encouraged  to  develop  attitudes 
that  support  the  responsible  acquisition  and  application  of  scientific 
and  technological  knowledge  to  the  mutual  benefit  of  self,  society, 
and  the  environment. 

Attitudes  relcr  to  generalized  aspects  of  behaviour  that  are  modelled 
for  students  by  example  and  reinforced  by  selective  approval. 
Attitudes  are  not  acquired  in  the  same  way  as  skills  and  knowledge. 
They  cannot  be  observed  at  any  particular  moment,  but  are 
evidenced  by  regular,  unprompted  manifestations  over  time. 
Attitude  development  is  a  lifelong  process  that  involves  the  home, 
the  school,  the  community,  and  society  at  large.  The  development 
of  positive  attitudes  plays  an  important  role  in  students'  growth  by 
interacting  with  their  intellectual  development  and  by  creating  a 
readiness  for  responsible  application  of  what  they  learn. 

The  attitudes  foundation  focuses  on  six  ways  in  which  science 
education  can  contribute  to  attitudinal  growth.  These  have  been 
articulated  as  statements  or  attitude  indicators  and  have  guided  the 
development  of  general  learning  outcomes.  They  have  also  provided 
links  to  the  STSE  and  skills  foundations. 


Appreciation  of  science 

Students  will  be  encouraged  to  appreciate  the  role  and  contributions 
of  science  in  their  lives,  and  to  be  aware  of  its  limits  and  impacts. 
Science  education  can  contribute  to  attitudinal  growth  when 
students  are  encouraged  to  examine  how  science  has  an  impact 
daily  and  over  the  long  term  on  themselves  and  on  the  lives  of  others. 
In  this  way,  students  can  increasingly  appreciate  science's  potential 
significance  for  their  own  lives. 

Interest  in  science 

Students  will  be  encouraged  to  develop  enthusiasm  and  continuing 
interest  in  the  study  of  science.  Science  education  can  contribute  to 
attitudinal  growth  when  students  are  involved  in  science  investigations 
and  activities  that  stimulate  their  interest  and  curiosity,  thus  increasing 
their  motivation  for  learning  and  encouraging  them  to  become 
interested  in  preparing  for  potential  science-related  careers  or 
furthering  other  science-related  interests. 


If  a  community  is  generally 
literate...  then  its  citizens 
are  in  a  position  to  develop 
personally  satisfying 
philosophies  of  life, 
to  plan  their  lives  effectively, 
to  contribute  democratically 
to  the  determination  of  policies 
at  all  levels,  to  apply  their 
education  to  daily  living,  and 
to  contribute  to  satisfying 
personal  growth  and  to 
sustainable  economic,  human 
and  social  development. 

Meyer,  G.R.  (1995) 


Scientific  inquiry 

Students  will  be  encouraged  to  develop  attitudes  that  support 
active  inquiry,  problem  solving,  and  decision  making.  Science 
education  can  contribute  to  attitudinal  growth  when  students 
are  provided  with  opportunities  for  development,  reinforcement, 
and  extension  of  attitudes  that  support  scientific  inquiry,  such  as 
open-mindedness  and  flexibility,  critical-mindedness  and  respect 
for  evidence,  initiative  and  perseverance,  and  creativity  and 
inventiveness. 

Collaboration 

Students  will  be  encouraged  to  develop  attitudes  that  support 
collaborative  activity.  Science  education  can  contribute  to  attitudinal 
growth  when  students  are  provided  with  opportunities  to  work 
in  group  situations  and  on  real-life  problems,  thus  developing 
a  sense  of  interpersonal  responsibilities,  an  openness  to  diversity, 
respect  for  multiple  perspectives,  and  an  appreciation  of  the  efforts 
and  contributions  of  others. 


Stewardship 

Students  will  be  encouraged  to  develop  responsibility  in  the 
application  of  science  and  technology  in  relation  to  society  and  the 
natural  environment.  Science  education  can  contribute  to  attitudinal 
growth  when  students  are  involved  in  activities  that  encourage 
responsible  action  toward  living  things  and  the  environment, 
and  when  students  are  encouraged  to  consider  issues  related  to 
sustainability  from  a  variety  of  perspectives. 

Safety 

Students  will  be  encouraged  to  demonstrate  a  concern  for  safety  in 
science  and  technology  contexts.  Science  education  can  contribute 
to  attitudinal  growth  when  students  are  encouraged  to  assess  and 
manage  potential  dangers  and  apply  safety  procedures,  thus 
developing  a  positive  attitude  toward  safety. 


19 


5.   Organization  of  the  framework 

■  1 

The  framework  has  been  developed  to  assist  curriculum  developers       Specific  learning  outcomes 

by  identifying  learning  outcomes  for  science  from  kindergarten  to                -r.   i       .                   r      ^       i  n        11        .   .       .  ^ 
,                    ,                       u  .  .  ^    .    u    111            J         Specihc  learmng  outcomes  for  STSE,  skills,  and  knowledge  identify 
grade  12.  These  outcomes  outhne  what  students  should  know  and           ,          ,         ^                              ,,1,        ,r        i  1 
,      I  1   .    1         1  ,1      •  1    .  r    ..  V  A         .  .   4    .    u    1  1  u            what  students  are  expected  to  know  and  be  able  to  do  for  each  grade, 
be  able  to  do,  and  they  identity  attitudes  that  students  should  be           r       1  .    1                      1     ^             1             11  n 

1  ,    ,      1                                                                       rrom  kindergarten  to  grade  10.  For  grades  11  and  12,  the  specific 
encouraged  to  develop.                                                                 ,       .         ^            ^     ,          ,  r     ,         .    r  \ 

learning  outcomes  are  only  stated  for  the  end  of  grade  12. 

The  outcomes  have  been  organized  so  as  to  provide  a  broad  view 

of  student  learning  for  four  grade  groupings,  as  well  as  a  more             Numbering  of  the  learning  outcomes 

specific  view  of  student  learning  at  each  grade.  The  framework             ^1          1            u  ^  .        u  i       •        .         i-  1         r  ^ 
^     .       r  ,    r  11     .       1                                                                   number  attached  to  each  learnmg  outcome  hnks  the  foundation 
consists  or  the  lollowins  elements 

^             *                                                   statement,  the  general  learning  outcomes,  and  the  specific  learning 

^         If.         ^                                                                  outcomes.  The  numbering  system  is  not  meant  to  infer  order  of 
General  learning  outcomes                                                                             ,                        r  1  r 

importance.  Rather,  it  is  a  means  or  identifying  each  learning  outcome 

General  learning  outcomes  are  broad  statements  of  what  students          within  a  given  foundation, 
are  expected  to  learn  and  be  able  to  do.  General  learning  outcomes 
for  STSE,  skills,  and  knowledge  are  set  out  for  the  end  of  grades  3,  . 
6,  9,  and  12. 

Since  attitudes  are  not  acquired  in  the  same  way  as  skills  and 
knowledge,  general  outcome  statements  for  attitudes  are  written 
for  a  range  of  grade  levels  in  a  given  grade  grouping,  rather  than 
for  the  end  of  grades  3,  6,  9,  or  12.  These  outcome  statements 
are  meant  to  guide  curriculum  developers  in  creating  a  learning 
environment  that  fosters  positive  attitudes. 

The  general  learning  outcomes  are  numbered  sequentially. 
Each  specific  learning  outcome  is  numbered  in  reference  to  its 
respective  general  learning  outcome.  The  foundation  statement 
is  represented  by  the  following  numeric  place  value: 

•  General  learning  outcomes  for  STSE  have  numbers  from  100  to  118 

•  General  learning  outcomes  for  skills  have  numbers  from  200  to  215 

•  General  learning  outcomes  for  knowledge  have  numbers  from 
300  to  333 

•  General  learning  outcomes  for  attitudes  ha\  e  numbers  from 
400  to  450 

Please  note  that  for  kindergarten  to  grade  3,  the  general  and  specific 
learning  outcomes  for  STSE  and  knowledge  are  combined  under 
one  heading:  STSE/knowledge. 

All  general  learning  outcomes  are  presented  in  section  6  of  the 
framework. 

Attitudes  indicators 

Indicators  are  listed  for  each  attitudes  general  learning  outcome. 
Though  the  indicator  lists  are  not  exhaustive,  they  provide  examples 
of  student  behaviour  that,  when  observed  regularly,  indicate  a  desire 
to  act  in  certain  ways.  These  behaviours  can  be  considered  evidence 
of  attitude  development.  Attitudes  indicators  are  not  intended  to  be 
used  for  formal  evaluation. 


Illustrative  examples 

Illustrative  examples  are  intended  to  show  the  richness,  breadth, 
and  depth  of  a  selection  of  learning  outcomes,  particularly  as  they 
relate  to  higher-order  thinking,  applied  learning,  real-life  applications, 
and  problem  solving.  Each  illustrative  example  has  the  following 
format:  an  introductory  paragraph  that  provides  a  context  for  the 
illustrative  example;  an  exploration  section  that  describes  some 
potential  activities  that  could  be  used  as  motivators  and  activators 
of  prior  knowledge;  focusing  questions  that  could  be  raised  by 
the  students  following  the  exploration  section;  a  development  section, 
which  formally  engages  students  in  their  learning;  an  application 
section,  which  engages  students  in  applying  their  learnings  in  other 
contexts;  and  a  final  section,  which  illustrates  possible  linkages 
among  a  selection  of  learning  outcomes  that  may  be  attained 
through  the  illustrative  example. 

The  illustrative  examples  are  not  meant  to  be  an  exhaustive 
representation  of  potential  instruction  activities  for  a  science  program, 
but  rather  a  sampling  of  potential  activities  that  could  occur  within 
the  context  of  the  given  outcomes.  Many  of  the  illustrative  examples 
attempt  to  present  a  unifying  concept  or  an  STSE  emphasis. 


5.1  Formats  for  presenting 
the  learning  outcomes 


The  learning  outcomes  in  the  framework  are  presented  in 
sections  7  and  8  in  the  following  two  formats: 

•  by  grade  grouping 

•  by  grade 

Learning  outcomes  presented  by  grade  grouping 

This  section  presents  ail  of  the  framework's  learning  outcomes  by 
grade  grouping  (K  to  3,  4  to  6,  7  to  9,  10  to  12),  without  reference 
to  any  particular  grade. 

For  each  grade  grouping,  the  learning  outcomes  appear  by  foundation, 
in  the  following  order:  STSE,  skills,  knowledge,  attitudes.  There  is  one 
exception:  for  K  to  3,  the  STSE  and  knowledge  foundations  have  been 
combined  as  one.  Also,  within  some  foundations,  sub-categories  are 
used  to  organize  the  learning  outcomes.  Each  of  the  general  learning 
outcomes  within  a  foundation  is  typically  displayed  with  its  associated 
specific  learning  outcomes.  The  general  learning  outcomes  are  always 
presented  with  a  shaded  background. 


Presentation  by  grade  grouping 


^  General  learning 
outcome  number 


■  Grade  groupings 


Subcat^ories 


Foundation  statement  - 


Specific  learning  outcomes 


210-1     usr  or  constnift 


detgu  and  promypa  in  ttaas  ol  functtoa.  n 
OK  of  Mcrtik.  lod  niMa  OH  dw  «■ 


210-5  litairdMlMofbailioai*aMrpio(iadlMetpol«ear 
oonpoiMe  iMMd  oa  *e  Mm  of  bat  li 

210^    tmafmfmam  mi  tnad^  mim,  mi  kki  mi  tafUm 


210-7  idcMi^tMla«Bata|itMiaMfBr.dl 

210^  Tr'lT  ^-niiirlliiin  ■limiini  wtutntrnm 

210-9  oiciiliirdMarcttcalnliis  of  I  nnMe 

210-10  kicMlypaiMyiairaMddclmMBetfMnoualafcmr 


210-11  Meia 


210-12  tdoMi^Mdcn 
210-13  MdwdolipiafacMMinKieddnlceorfyiini 
210-14  kk«lfriiidconMprMlcilpcoU(aHta*ewqrapraiM)veor 


f 


Specific  learning 
outcome  number 


Learning  outcomes  presented  by  grade 

This  section  presents  all  of  the  learning  outcomes  in  a  manner  that 
conveys  the  student  expectations  for  each  grade. 

General  learning  outcomes  are  given  for  each  grade  grouping: 
K  to  3,  4  to  6,  7  to  9,  10  to  12.  In  order  that  the  general  learning 
outcomes  can  be  easily  identified,  they  always  appear  with  a  shaded 
background.  For  each  of  the  sub-categories  of  general  learning 
outcomes  for  attitudes,  sample  indicators  are  also  listed  for  a  range 
of  grades. 

The  specific  learning  outcomes  are  presented  in  four  clusters  at  each 
grade.  Each  cluster  contains  specific  learning  outcomes  pertaining 
to  the  STSE,  skills,  and  knowledge  foundations  (in  K  to  3,  STSE 
and  knowledge  are  combined  as  STSE/knowledge).  The  specific 
learning  outcomes  within  a  cluster  are  always  displayed  on  two 
juxtaposed  pages.  The  clusters  are  designed  to  show  a  strong 
STSE  focus  and  to  allow  for  reinforced  relationships  among  the  STSE, 
skills,  knowledge,  and  attitudes  foundations.  Illustrative  examples 
are  provided  to  complement  each  of  the  clusters,  and  to  provide  a 
sample  of  how  the  cluster  might  utilize  the  four  foundation  statements 
within  the  instructional  environment. 


Certain  specific  learning  outcomes  for  STSE  and  skills  may  appear  in 
more  than  one  cluster  within  each  grade,  as  appropriate.  The  selection 
of  these  specific  learning  outcomes  is  meant  to  be  representative 
rather  than  exhaustive  or  exclusionary.  Short  examples  (shown  as 
italicized  "e.g."  in  parentheses)  are  provided  for  each  of  the  specific 
learning  outcomes,  in  order  to  provide  a  context  for  the  outcome  and 
further  reinforce  potential  links  among  foundations  within  a  cluster. 

For  grades  11  and  12  only,  the  clusters  are  organized  according 
to  each  of  the  four  following  science  disciplines,  to  reflect  current 
practice  in  many  jurisdictions:  life  science,  chemistry,  physics.  Earth 
and  space  science.  As  well,  for  grades  11  and  12  the  specific  learning 
outcomes  are  presented  on  a  continuum  rather  than  for  each 
particular  grade. 


Presentation  by  grade 


Title  of  the  cluster 


Cells,  tissues,  organs,  and  systems 


STS 
mpfttrd  that  i 


pombliity  of  ihmgntraluM  oj 


tCttli, 


Sub-category  - 


^Relationships  btwo  scianc*  and  technology 

111-  5  dcKrfbedKid 

omd  Imbm  c^MMs,  or  Mhc  piaeilcri  praUcnt     .  UmiU  iiw  fk  iwaufa^  ^mhiluw 

Social  and  •nvironmantal  contexts  of  science  and  technology 

112-  2  dcMstelmacMnaNMiriMedicMlcadiodntlopaMaata 

chmgu  bmmUlotkt  Mopmmnt  offitmu  mpiipmtnl  mtd  <t»  ulMt^iH  cffimn  ctntm) 
112  10  ft9*itaM^d*c)act-mittAmtik^^ 


Initiating  and  planning 

208  1     rcphmr  quesnoas  in  a  Hstabk  fonn  aixl  clnriy  (Mm  prxiKal  probk^ 

ampmwioibmcfammmolmf) 
Performing  and  racofding 

209  2  tmmKmmmnat»t(»4.uhmmatmmh»r,^ctttim»ptlrtdl^»iM»cokmf.hm^ 

cm  tamplm  <«km  fiom  tkt  total  pofmhhtm) 

209-3  iiKlMmM«cfBci«elyiMlactiirwl)fiorcoae^ 
tofrotkut*  tkm  itmigi  ofalk) 

209-  4  nr|1wdaiiiiltafanaM<MiliippfopriatiD<KiMkora 

Analysing  and  interpreting 

210-  7  l6Hmi.tmitn_ 

ariloodpnutmafiti 

Communication  and  teamwork 

211-  4  cn*aielndMduii«Ml(raappR)GCMaMdtaplMriH. 


I  1  limJmcrikmlitpnptrfiimM<mtHg(^magmt>r$j0tm) 


Specific  learning  outcome 
numbers  for  STSE 


Cells,  tissues,  organs,  and  systems 


Sppc'fic  learning  out; 

UFESOBKE 


KNOWLEDGE 


ILLUSTRATIVE  EXAMPLE 


304  4 
304  S 
304-6 
304  7 

304-8 

304-9 

304-10 


III  Uul  rvhihiLN  all  Ihr  diani-lrnMn  ^ 


Specific  learning  outcome 
numbers  for  skills 


fanakiMlMtanie.Aitei. 
MdmiMd  *e  cdl\  crtkal  >ii 
■  •iHlMcprrv,'- 


Exploration 


-  SMdotipitpiRtWenilu. 
ofaitaileccladiHih).. 


li>t»rlD|imMrfwKl,. 


Grade  level 


Specific  learning  outcome 
numbers  for  knowledge 


Illustrative  example 
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6.   General  learning  outcomes  K  to  12 


1 


1 00  investigate  objects  and  events  in  their 
immediate  environment,  and  use 
appropriate  language  to  develop 
understanding  and  to  communicate  results 

101  demonstrate  and  describe  ways  of  using 
materials  and  tools  to  help  answer  science 
questions  and  to  solve  practical  problems 

1 02  describe  how  science  and  technology  affect 
their  lives  and  those  of  people  and  other  living 
things  in  their  community 

103  undertake  personal  actions  to  care  for  their 
immediate  environment  and  contribute  to 
responsible  group  decisions 


104  demonstrate  that  science  and  technology 
use  specific  processes  to  investigate  the 
natural  and  constructed  world  or  to  seek 
solutions  to  practical  problems 

105  demonstrate  that  science  and  technology 
develop  over  time 

1 06  describe  ways  that  science  and  technology 
work  together  in  investigating  questions  and 
problems  and  in  meeting  specific  needs 

1 07  describe  appUcations  of  science  and 
technology  that  have  developed  in  response 
to  human  and  environmental  needs 

1 08  describe  positive  and  negative  effects  that 
result  from  apphcations  of  science  and 
technology  in  their  own  lives,  the  lives 

of  others,  and  the  environment 


1 09  describe  various  processes  used  in  science 
and  technology  tliat  enable  us  to  understand 
natural  phenomena  and  develop 
technological  solution 

110  describe  the  development  of  science  and 
technology  over  time 

111  explain  how  science  and  technology  interact 
with  and  advance  one  another 

112  illustrate  how  the  needs  of  individuals, 
society,  and  the  environment  influence 
and  are  influenced  by  scientific  and 
technological  endeavours 

113  analyse  social  issues  related  to  the 
apphcations  and  hmitations  of  science 
and  technology;  and  explain  decisions  in 
terms  of  advantages  and  disadvantages  for 
sustainability,  considering  a  few  perspectives 


114  describe  and  explain  disciphnarv'  and 
interdisciplinarv  processes  used  to  enable 
us  to  understand  natunil  phenomena  and 
develop  technological  solutions 

115  distinguish  between  science  and  technology 
in  terms  of  their  respective  goals,  products, 
and  values,  and  describe  the  development 
of  scientific  theories  and  technologies  over 
time 

116  analyse  and  explain  how  science  and 
technology  interact  with  and  advance  one 
another 

117  analyse  how  individuals,  society,  and  the 
environment  are  interdependent  with 
scientific  and  technological  endeavours 

118  evaluate  social  issues  related  to  the 
applications  and  hmitations  of  science 
and  technology,  and  explain  decisions 

in  terms  of  adviuitages  and  disadvantages 
for  sustainability;  considering  a  variety  of 
perspectives 


Skills 


By  the  end  of  grade  3 

It  is  expected  that  students  will... 


ask  questions  about  objects  and  events  in 
their  immediate  environment  and  develop 
ideas  about  how  those  questions  might  be 
answered 

observe  and  explore  materials  and  events  in 
their  immediate  environment  and  record 
the  results 

identify  patterns  and  order  in  objects  and 
events  studied 

work  with  others  and  share  and  communicate 
ideas  about  their  explorations 


By  the  end  of  grade  6 

It  is  expected  that  students  will... 


204  ask  questions  about  objects  and  events  in 
the  local  environment  and  develop  plans 
to  investigate  those  questions 

205  observe  and  investigate  their  environment 
and  record  the  results 

206  interpret  findings  from  investigations  using 
appropriate  methods 

207  work  collaboratively  to  carry  out  science- 
related  activities  and  commiinicat(^  ideas, 
procedures,  and  results 


General  learning  outcomes 


Kto  12 


By  the  end  of  grade  9 

It  is  expected  that  students  will... 


208  ask  questions  about  relationships  between 
and  among  observable  variables  and  plan 
investigations  to  address  those  questions 

209  conduct  investigations  into  relationships 
between  and  among  observations,  and 
gather  and  record  quahtative  and 
quantitative  data 

210  analyse  qualitative  and  quantitative  data  and 
develop  and  assess  possible  explanations 

211  work  collaboratively  on  problems  and 
use  appropriate  language  and  formats  to 
communicate  ideas,  procedures,  and 
results 


By  the  end  of  grade  12 

It  is  expected  that  students  will... 


212  ask  questions  about  observed  relationships 
and  plan  investigations  of  questions,  ideas, 
problems,  and  issues 

213  conduct  investigations  into  relationships 
between  and  among  observable  variables, 
and  use  a  broad  range  of  tools  and  techniques 
to  gather  and  record  data  and  information 

214  analyse  data  and  apply  mathematical  and 
conceptual  models  to  develop  and  assess 
possible  explanations 

215  work  as  a  member  of  a  team  in  addressing 
problems,  and  apply  the  skills  iind  conventions 
of  science  in  communicating  information 
and  ideas  and  in  assessing  results 


27 


K  to  12        General  learning  outcomes 


By  the  end  of  grade  6 

It  is  expected  that  students  will... 


300  describe  and  compare  characteristics  and  properties  of  living  things,  objects,  and  materials 

301  describe  and  predict  causes,  effects,  and  patterns  related  to  change  in  living  and  non-living  things 

302  describe  interactions  within  natural  systems  and  the  elements  required  to  maintain  these  systems 

303  describe  forces,  motion,  and  energy  and  relate  them  to  phenomena  in  their  observable  environment 


Knowledge 


By  the  end  of  grade  9 

It  is  expected  that  students  will... 


Life  science 

304  explain  and  compare  processes  that  are  responsible  for  the  maintenance  of  an  organism's  hfe 

305  explain  processes  responsible  for  the  continuity  and  diversity  of  life 

306  describe  interactions  and  explain  dynamic  equilibrium  within  ecological  systems 

Physical  science 

307  describe  the  properties  and  components  of  matter  and  explain  interactions  between  those  components 

308  describe  sources  and  properties  of  energy,  and  explain  energy  transfers  and  transformations 

309  recognize  that  many  phenomena  are  caused  by  forces  and  explore  various  situations  involving  forces 

Earth  and  space  science 

310  explain  how  Earth  provides  both  a  habitat  for  hfe  and  a  resource  for  society 

311  explain  patterns  of  change  and  their  effects  on  Earth 

312  describe  the  nature  and  components  of  the  universe 


Knowledge 


General  learning  outcomes        K  to  12 


By  the  end  of  grade  12 

It  is  expected  that  students  will... 


Life  science 

Physics 

313 

compare  and  contrast  the  reproduction  and  development  of  representative  organisms 

325 

analyse  and  describe  relationships  between  force  and  motion 

314 

determine  how  cells  use  matter  and  energy  to  maintain  organization  necessary  for  life 

326 

analyse  interactions  within  systems,  using  the  laws  of  conservation  of  energy  and  momentum 

315 

demonstrate  an  understanding  of  the  structure  and  function  of  genetic  material 

327 

predict  and  explain  interactions  between  waves  and  with  matter,  using  the  characteristics  of  waves 

316 

analyse  the  patterns  and  products  of  evolution 

328 

explain  the  fundamental  forces  of  nature,  using  the  characteristics  of  gravitational,  electric,  and  magnetic  fields 

317 

compare  and  contrast  mechanisms  used  by  organisms  to  maintain  homeostasis 

329 

analyse  and  describe  different  means  of  energy  transmission  and  transformation 

318 

evaluate  relationships  that  affect  the  biodiversity  and  sustainability  of  Ufe  within  the  biosphere 

Earth  and  space  science 

Chemistry 

330 

demonstrate  an  understanding  of  the  nature  and  diversity  of  energy  sources  and  matter  in  the  universe 

319 

identify  and  explain  the  diversity  of  organic  compounds  and  their  impact  on  the  environment 

331 

describe  and  predict  the  nature  and  effects  of  changes  to  terrestrial  systems 

320 

demonstrate  an  understanding  of  the  characteristics  and  interactions  of  acids  and  bases 

332 

demonstrate  an  understanding  of  the  relationships  among  systems  responsible  for  changes  to  Earth's  surface 

321 

illustrate  and  explain  the  various  forces  that  hold  structures  together  at  the  molecular  level,  and  relate 
the  properties  of  matter  to  its  stnicture 

333 

describe  the  nature  of  space  and  its  components  and  the  history  of  the  observation  of  space 

322 

use  the  redox  theory  in  a  variety  of  contexts  related  to  electrochemistry 

323 

demonstrate  an  understanding  of  solutions  and  stoichiometry  in  a  variety  of  contexts 

324 

predict  and  explain  energy  transfers  in  chemical  reactions 

Kto  12 


General  learning  outcomes 


30 


K  to  3 

expected  that  students  will  be  encoura 


400  recognize  the  role  and  contribution  of  science  in  their  understanding  of  the  world 

401  show  interest  in  and  curiosity  about  objects  and  events  within  their  immediate  environment 

402  wilUngly  observe,  question,  and  explore 

403  consider  their  observations  and  their  own  ideas  when  drawing  a  conclusion 

404  appreciate  the  importance  of  accuracy 

405  be  open-minded  in  their  explorations 

406  work  with  others  in  exploring  and  investigating 

407  be  sensitive  to  the  needs  of  other  people,  other  living  things,  and  the  local  environment 

408  show  concern  for  their  safety  and  that  of  others  in  carrying  out  activities  and  using  materials 


Attitudes 


409  appreciate  the  role  and  contribution  of  science  and  technology  in  their  understanding  of  the  world 

410  realize  that  the  appHcations  of  science  and  technology  can  have  both  intended  and  unintended  effects 

411  recognize  that  women  and  men  of  any  cultural  background  can  contribute  equally  to  science 

41 2  show  interest  and  curiosity  about  objects  and  events  within  different  environments 

41 3  willingly  observe,  question,  explore,  and  investigate 

414  show  interest  in  the  activities  of  individuals  working  in  scientific  and  technological  fields 

41 5  consider  their  own  observations  and  ideas  as  well  as  those  of  others  during  investigations  and  before 
drawing  conclusions 

41 6  appreciate  the  importance  of  accuracy  and  honesty 

417  demonstrate  perseverance  and  a  desire  to  understand 

418  work  collaboratively  while  exploring  and  investigating 

41 9  be  sensitive  to  and  develop  a  sense  of  responsibility  for  the  welfare  of  other  people,  other  living  things, 
imd  the  environment 

420  show  concern  for  their  safety  and  that  of  others  in  planning  and  carrying  out  activities  and  in  choosing 
and  using  materials 

421  become  aware  of  potential  dangers 


Attitudes 


appreciate  the  role  and  contribution  of  science  and  technology  in  our  understanding  of  the  world 

appreciate  that  the  applications  of  science  and  technology  can  have  advantages  and  disadvantages 

appreciate  and  respect  that  science  has  evolved  from  different  views  held  by  women  and  men  from 
a  variety  of  societies  and  cultural  backgrounds 

show  a  continuing  curiosit\  and  interest  in  a  broad  scope  of  science-related  fields  and  issues 

confidently  pursue  further  investigations  and  readings 

consider  many  career  possibilities  in  science-  and  technology-related  fields 

consider  observations  and  ideas  from  a  variety  of  sources  during  investigations  and  before  drawing 
conclusions 

value  accuracy,  precision,  and  honesty 

persist  in  seeking  answers  to  difficult  questions  iind  solutions  to  difficult  problems 

work  collaboratively  in  carrying  out  investigations  as  well  as  in  generating  and  evaluating  ideas 

be  sensitive  and  responsible  in  maintaining  a  balance  between  the  needs  of  humans  and  a  sustainable 
environment 

project,  beyond  the  personal,  consequences  of  proposed  actions 

show  concern  for  safety  in  planning,  carrying  out,  and  reviewing  activities 

become  aware  of  the  consequences  of  their  actions 


General  learning  outcomes        K  to  12 


D  to  1  2 

udents  will  be  encouraged  to.. 


vdiuc  iiic  iLiic  diiu  Lumiiuuiiuii  ui  ^LlcIlLc  dilu  icLiiiiuiugy  in  uui  uiiticiduuiunig  oi  pnenunicnd  uiai  dre 
directly  observable  and  those  that  are  not 

437 

appreciate  that  the  apphcations  of  science  and  technology  can  raise  ethical  dilemmas 

438 

value  the  contributions  to  scientific  and  technological  development  made  by  women  and  men  from  many 
societies  and  cultural  backgrounds 

439 

show  a  continuing  and  more  informed  curiosity  and  interest  in  science  and  science-related  issues 

440 

acquire,  with  interest  and  confidence,  additional  science  knowledge  and  skills,  using  a  variety  of 
resources  and  methods,  including  formal  research 

441 

consider  further  studies  and  careers  in  science-  and  technology-related  fields 

442 

confidendy  evaluate  evidence  and  consider  alternative  perspectives,  ideas,  and  explanations 

443 

use  factual  information  and  rational  explanations  when  analysing  and  evaluating 

444 

value  the  processes  for  drawing  conclusions 

445 

work  collaborativelv  in  planning  and  carrying  out  investigations,  as  well  as  in  generating  and 
evaluating  ideas 

446 

have  a  sense  of  personal  and  shared  responsibifity  for  maintaining  a  sustainable  environment 

447 

project  the  personal,  social,  and  environmental  consequences  of  proposed  action 

448 

want  to  take  action  for  maintaining  a  sustainable  environment 

449 

show  concern  for  safety  and  accept  the  need  for  rules  and  regulations 

450 

be  aware  of  the  direct  and  indirect  consequences  of  their  actions 

1 


7.   Learning  outcomes  presented  by  grade  grouping 


K  to  3  learning  outcomes  by  grade  grouping   34 

4  to  6  learning  outcomes  by  grade  grouping   43 

7  to  9  learning  outcomes  by  grade  grouping   57 

10  to  12  learning  outcomes  by  grade  grouping   76 


Kto3 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  3 


STSE/Knowledge 

It  is  expected  students  will... 


General  learning  outcome 
100 


investigate  objects  and  events  in  their  immediate  environment,  and  use  appropriate  language  to  develop 
understanding  and  to  communicate  results 


Specific  learning  outcomes 

1 00- 1     develop  vocabulary  and  use  language  to  bring  meaning  to  what 
is  seen,  felt,  smelled,  heard,  tasted,  and  thought 

100-2     explore  and  select  different  ways  to  represent  ideas,  actions, 
and  experiences  and  to  communicate  with  others 

1 00-3     detect  consistency  and  pattern  in  objects  and  events  and  use 
language  to  describe  these  patterns 

100-4  observe  and  identify  similarities  and  differences  in  the  needs 
of  living  things 

100-5     describe  different  ways  that  plants  and  animals  meet  their  needs 

1 00-6     describe  ways  that  humans  use  their  knowledge  of  living  things 
in  meeting  their  own  needs  and  the  needs  of  plants  and  animals 

1 00-7     describe  the  different  ways  that  humans  and  other  hving  things 
move  to  meet  their  needs 

100-8  identify'  and  describe  common  characteristics  of  humans  and 
other  animals,  and  identify  variations  that  make  each  person 
and  animal  unique 

100-9     identify  each  of  the  senses  and  demonstrate  how  each  one  helps 
us  to  recognize,  describe,  and  safely  use  a  variety  of  materials 

1 00- 1 0  identify  attributes  of  materials  that  we  can  learn  to  recognize 
through  each  of  our  senses 

1 00- 1 1   demonstrate  ways  that  materials  can  be  changed  to  alter  their 
smell  and  taste 

1 00- 1 2  observe  objects  and  materials  and  describe  their  similarities 
and  differences 

1 00- 1 3  compare  and  describe  the  components  of  some  famihar  objects 


1 00- 1 4  describe  changes  in  heat  and  hght  from  the  sun 

1 00- 1  5  compare  the  life  cycles  of  familiar  animals  and  classify  them 
according  to  the  similarities  and  differences  of  their  Ufe  cycles 

1 00- 1 6  describe  changes  in  humans  as  they  grow,  and  contrast  human 
growth  to  that  of  other  organisms 

1 00- 1 7  investigate  and  compare  properties  of  famihar  hquids  and  soUds 

1 00- 1 8  investigate  and  describe  the  interactions  of  famihar  hquids  and 
sohds 

1 00- 1 9  identify  ways  to  use  a  variety  of  liquids  and  to  combine  sohds 
and  liquids  to  make  usehil  materials 

100-20  investigate  changes  that  result  from  the  interaction  of  materials 
and  describe  how  their  characteristics  have  changed 

1 00-2 1   demonstrate  an  understanding  of  sinking  and  floating  objects 
by  solving  a  related  practical  problem 

100-22  describe  the  motion  of  an  object  in  terms  of  a  change  in  position 
and  orientation  relative  to  other  objects 

100-23  describe  the  position  of  an  object  relative  to  other  objects  or  to 
an  identified  space,  and  place  an  object  in  an  identified  position 

100-24  describe  the  position  of  objects  from  different  perspectives 

1 00-2  5  investigate  and  describe  different  patterns  of  movement  and 
identify  factors  that  affect  movement 

100-26  observe  changes  in  air  conditions  in  indoor  and  outdoor 
environments,  and  describe  and  interpret  these  changes 

100-27  describe  changes  in  the  location,  amount,  and  form  of  moisture, 
and  identify  conditions  that  can  affect  these  changes 


1 00-28  identify  and  describe  parts  of  plants  and  their  general  function 

100-29  identify  and  investigate  life  needs  of  plants  and  describe  how 
plants  are  affected  by  the  conditions  in  which  they  grow 

1 00-30  observe  and  describe  changes  that  occur  through  the  life  cycle 
of  a  flowering  plant 

1 00-3 1   investigate  to  identify  materials  that  can  be  magnetized  and 
materials  that  are  attracted  by  magnets,  and  distinguish  these 
from  materials  that  are  not  affected  by  magnets 

100-32  investigate  the  polarity  of  a  magnet,  determine  the  orientation 

of  its  poles,  and  demonstrate  that  opposite  poles  auract  and  hke 
poles  repel 

100-33  identify  conditions  that  affect  the  force  of  magnets  and  of  static 
electric  materials 

100-34  describe  the  properties  of  some  common  materials  and  evaluate 
their  suitabihty  for  use  in  building  structures 

1 00-3  5  investigate  and  describe  how  hving  things  affect  and  are  affected 
by  soils 

1 00-36  explore  and  describe  a  variety  of  soils  and  find  similarities  and 
differences  luiiong  them 

1 00-3 7  investigate  and  describe  soil  components 

1 00-38  compare  the  absorption  of  water  by  different  soils,  and  describe 
the  effect  of  moisture  on  characteristics  of  the  soils 

1 00-39  observe  and  describe  the  effects  of  moving  water  on  different  soils 


By  the  end  of  grade  3 

Learning  outcomes  by  grade  grouping 

Kto3 

STSE/Knowledge 

It  is  expected  students  will... 

General  learning  outcome 

101 

demonstrate  and  describe  ways  of  using  materials  and  tools  to  help  answer  science  questions  and  to  solve  practical 
problems 

Specific  learning  outcomes 

101-1 

explore  how  characteristics  of  materials  may  change  as  a  result 
of  manipulating  them 

101-2 

identif\'  and  explore  ways  to  use  tools  to  help  carry  out  a  variety 
of  useful  tasks 

101-3 

demonstrate  ways  we  can  use  materials  to  make  different  sounds 

101-4 

df^ribp  W/ivs  in  whirh  mjifpriaK  ran  hp  rhanppd  to  altpr  thpir 
appearance  and  texture 

pvnlnrp  ^nrl  Hp*irnhp  u/iiv<i  tn  rrpiitp  iKpfiil  nhiprt^  hv  rnmhinino 

CAUlv/I  L             Lie        IIJC  Way  a  l\J  V^lCillC  UoClUl  LfUICV^lo  Uy  l^UlllUllllll^ 

or  joining  different  components  or  materials 

101-6 

describe  ways  of  measuring  and  recording  environmental 
changes  that  occur  in  daily  and  seasonal  cycles 

101-7 

observe  and  describe  changes  in  the  appearance  and  activity 
of  an  organism  as  it  goes  through  its  hfe  cycle 

101-8 

describe  and  demonstrate  ways  to  use  everyday  materials  to  produce 
static  electric  charges,  and  describe  how  charged  materials  interact 

101-9 

test  the  strength  and  stability  of  personally  built  structures, 

and  identify  ways  of  modifying  a  structure  to  increase  its  strength 

and  stabihty 

101-10 

use  appropriate  tools  in  safely  cutting,  shaping,  making  holes 
through,  and  assembhng  materials 

101-11 

investigate  ways  to  join  materials  and  identify  the  most  appropriate 
methods  for  the  materials  to  be  joined 

101-12 

demonstrate  and  describe  ways  of  using  earth  materials  to  make 
useful  objects 

Kto3 


36 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  3 


STSE/Knowledge 

It  is  expected  students  will... 


General  learning  outcome 

102       describe  how  science  and  technology  affect  their  lives  and  those  of  people  and  other  hving  things  in  their 
community 


Specific  learning  outcomes 

1 02- 1     create  a  product  that  is  functional  and  aesthetically  pleasing  to 
the  user  by  safely  selecting,  combining,  and  modifying  materials 

1 02-2     identify  objects  used,  how  they  are  used,  and  for  what  purpose 
they  are  used 

1 02-3     observe  and  describe  changes  in  sunUght  and  describe  how  these 
changes  affect  living  things 

102-4    investigate  and  describe  changes  that  occur  on  a  daily  basis  in  the 
characteristics,  behaviours,  and  location  of  hving  things 

102-5     investigate  and  describe  changes  that  occur  in  seasonal  cycles  in 
the  characteristics,  behaviours,  and  location  of  living  things 

1 02-6     identify  constant  and  changing  traits  in  organisms  as  they  grow 
and  develop 

102-7     describe  features  of  natural  and  human-made  environments  that 
support  the  health  and  growth  of  some  famihar  animals 

1 02-8     describe  and  demonstrate  ways  we  use  our  knowledge  of  soUds 
and  hquids  to  maintain  a  clean  and  healthy  environment 

102-9    identify  evidence  of  moisture  in  the  environment,  in  materials, 
and  in  living  things 

1 02- 1 0  demonstrate  how  air,  as  a  substance  that  surrounds  us,  takes  up 
space  and  is  felt  as  wind  when  it  moves 

102- 1 1   identify  examples  of  water  in  the  environment  and  describe  ways 
that  water  is  obtained,  distributed,  and  used 

1 02- 1 2  describe  ways  in  which  plants  are  important  to  living  things  and 
the  environment 


102-13  identify  parts  of  different  plants  that  provide  humans  with  useful 
products,  and  describe  the  preparation  that  is  required  to  obtain 
these  products  and  how  our  supply  of  useful  plants  is  replenished 

1 02- 1 4  identify  famihar  uses  of  magnets 

1 02- 1  5  describe  examples  of  the  effects  of  static  electricity  in  their  daily 
hves,  and  identify  ways  in  which  static  electricity  can  be  used 
safely  or  avoided 

1 02- 1 6  identify  shapes  that  are  part  of  natural  and  human-built  structures, 
and  describe  ways  these  shapes  help  provide  strength,  stabihty,  or 
balance 

1 02- 1 7  evaluate  simple  structures  to  determine  if  they  are  effective 
and  safe,  if  they  make  efficient  use  of  materials,  and  if  they 
are  appropriate  to  the  user  and  the  environment 


Kto3 


By  the  end  of  grade  3 


Learning  outcomes  by  grade  grouping 


STSE/Knowledge 

It  is  expected  students  will... 


37 


General  learning  outcome 

1 03       undertake  personal  actions  to  care  for  the  immediate  environment  and  contribute  to  responsible  group  decisions 


Specific  learning  outcomes 

1 03- 1     choose  materials  to  build  a  variety  of  real  and  imaginary  settings, 
and  play  roles  that  correspond  to  these  settings 

1 03-2  recognize  that  humans  and  other  living  things  depend  on  their 
environment,  and  identify  personal  actions  that  can  contribute 
to  a  healthy  environment 

1 03-3  describe  and  demonstrate  ways  to  use  materials  appropriately 
and  efficiendy  to  the  benefit  of  themselves  and  others 

1 03-4    investigate  and  describe  human  preparations  for  seasonal 
changes 

103-5     identify  the  basic  food  groups,  and  describe  actions  and  decisions 
that  support  a  healthy  Ufestyle 

1 03-6    describe  the  characteristics  of  the  three  states  of  water  and 
predict  changes  from  one  state  to  another 

1 03-7     describe  the  effects  of  weather  and  ways  to  protect  things  under 
different  conditions 

1 03-8  identify  the  importance  of  clean  water  for  humans,  and  suggest 
ways  they  could  conserve  water 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  3 


INITIATING  AND  PLANNING 


General  learning  outcome 

200       ask  questions  about  objects  and  events  in  their  immediate  environment  and  develop  ideas  about  how  those 
questions  might  be  answered 


Specific  learning  outcomes 

200- 1     ask  questions  that  lead  to  exploration  and  investigation 

200-2     identify  problems  to  be  solved 

200-3     make  predictions,  based  on  an  observed  pattern 

200-4    select  and  use  materials  to  carry  out  their  own  explorations 

200-5     identify  materials  and  suggest  a  plan  for  how  they  will  be  used 


By  the  end  of  grade  3 


Learning  outcomes  by  grade  grouping 


PERFORMING  AND  RECORDING 


39 


General  learning  outcome 

201      observe  and  explore  materials  and  events  in  their  immediate  environment  and  record  the  results 


Specific  learning  outcomes 

201-1     follow  a  simple  procedure  where  instructions  are  given  one  step 
at  a  time 

201-2     manipulate  materials  purposefully 

201-3     use  appropriate  tools  for  manipulating  and  observing  materials 

and  in  building  simple  models 

201-4    observe,  using  one  or  a  combination  of  the  senses 

201-5     make  and  record  relevant  observations  and  measurements,  using 
written  language,  pictures,  and  charts 

201-6    estimate  measurements 

201-7     identify  and  use  a  variety  of  sources  of  science  information 
and  ideas 

201-8    follow  given  safety  procedures  and  rules  and  explain  why  they 


are  needed 


Kto3 


Learning  outconnes  by  grade  grouping 


ANALYSING  AND  INTERPRETING 


General  learning  outcome 

202       identify  patterns  and  order  in  objects  and  events  studied 


SKILLS 

It  is  expected  students  will... 


Specific  learning  outcomes 

202- 1     use  personal  observations  when  asked  to  describe  characteristics 
of  materials  and  objects  studied 

202-2     place  materials  and  objects  in  a  sequence  or  in  groups  according 
to  one  or  more  attributes 

202-3     identify  the  most  useful  method  of  sorting  for  a  specific  purpose 

202-4    construct  and  label  concrete-object  graphs,  pictographs,  or 
bar  graphs 

202-5     identify  and  suggest  explanations  for  patterns  and  discrepancies 
in  observed  objects  and  events 

202-6     distinguish  between  useful  and  not  useful  information  when 
answering  a  science  question 

202-7     propose  an  answer  to  an  initial  question  or  problem  and  draw 
simple  conclusions  based  on  observations  or  research 

202-8    compare  and  evaluate  personally  constructed  objects  with  respect 
to  their  form  and  function 

202-9     identify  new  questions  that  arise  from  what  was  learned 


By  the  end  of  grade  3 


General  learning  outcome 

203     work  with  others  and  share  and  communicate  ideas  about  their  explorations 


Specific  learning  outcomes 

203- 1     communicate  questions,  ideas,  and  intentions  while  conducting 
their  explorations 

203-2     identify  common  objects  and  events,  using  terminology  and 
language  that  others  understand 

203-3     communicate  procedures  and  results,  using  drawings, 
demonstrations,  and  written  and  oral  descriptions 

203-4     respond  to  the  ideas  and  actions  of  others  in  constructing  their 
own  understanding 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge 
their  ideas  and  contributions 


Learning  outcomes  by  grade  grouping 


Kto3 


COMMUNICATION  AND  TEAMWORK 


SKILLS 

'  is  expected  students  will 


From  kindergarten  through  grade  3 


General 


learning  outcomes 

recognize  the  role  and  contribution  of  science  in  their  understanding  of  the  world 

show  interest  in  and  curiosity  about  objects  and  events  within  their  immediate  environment 


400 


401 


402  willingly  observe,  question,  and  explore 

403  consider  their  observations  and  their  own  ideas  when  drawing  a  conclusion 

404  appreciate  the  importance  of  accuracy 

405  be  open-minded  in  their  explorations 

406  work  with  others  in  exploring  and  investigating 

407  be  sensitive  to  the  needs  of  other  people,  other  living  things,  and  the  local  environment 

408  show  concern  for  their  safety  and  that  of  others  in  carrying  out  activities  and  using  materials 


*  Because  of  the  nature  of  the  attitudes  foundation,  no  specific  learning  outcomes  have  been  identified 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


General  learning  outcome 

1 04       demonstrate  that  science  and  technology  use  specific  processes  to  investigate  the  natural  and  constnicted  world 
or  to  seek  solutions  to  practical  problems 


Specific  learning  outcomes 

1 04- 1     demonstrate  processes  for  investigating  scientific  questions 
and  solving  technological  problems 

1 04-2     demonstrate  and  describe  processes  for  investigating  scientific 
questions  and  solving  technological  problems 

1 04-3     demonstrate  and  explain  the  importance  of  selecting  appropriate 
processes  for  investigating  scientific  questions  and  solving 
technological  problems 

104-4     compare  the  results  of  their  investigations  to  those  of  others  and 
recognize  that  results  may  vary 


104-5 


describe  how  results  of  similar  and  repeated  investigations  may 
vary  and  suggest  possible  explanations  for  variations 


104-6 


demonstrate  that  specific  terminology  is  used  in  science  and 
technology  contexts 


104-7 


demonstrate  the  importance  of  using  the  languages  of  science 
and  technology  to  communicate  ideas,  processes,  and  results 


104-8 


demonstrate  the  importance  of  using  the  languages  of  science 
and  technology  to  compare  and  communicate  ideas,  processes, 
and  results 


4  to  6 


Learning  outcomes  by  grade  grouping 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


44 


STSE 

It  is  expected  students  will.. 


General  learning  outcome 

105       demonstrate  that  science  and  technology  develop  over  time 


Specific  learning  outcomes 

1 05- 1     identify  examples  of  scientific  questions  and  technological 
problems  that  are  currendy  being  studied 

105-2     identify  examples  of  scientific  questions  and  technological 
problems  addressed  in  the  past 

105-3     describe  examples  of  scientific  questions  and  technological 

problems  that  have  been  addressed  differently  at  different  times 

105-4    identify  examples  of  scientific  knowledge  that  have  developed 
from  a  variety  of  sources 

105-5     identify  examples  of  scientific  knowledge  that  have  developed 
as  a  result  of  the  gradual  accumulation  of  evidence 

105-6     describe  how  evidence  must  be  continually  questioned  in  order 
to  validate  scientific  knowledge 


By  the  end  of  grade  6 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


RELATIONSHIPS  BETWEEN  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will..} 


General  learning  outcome 


106       describe  ways  that  science  and  technology  work  together  in  investii^atino  questions  and  prohlcms  atid  in  meeting 
specific  needs 


Specific  learning  outcomes 

1 06- 1  describe  examples  of  tools  and  techniques  that  extend  our  senses 
and  enhance  our  abihty  to  gather  data  and  information  about  the 
world 

106-2     describe  examples  of  tools  and  techniques  that  have  contributed 
to  scientific  discoveries 

1 06-3     describe  examples  of  improvements  to  the  tools  and  techniques 
of  scientific  investigation  that  have  led  to  new  discoveries 


106  4 


describe  instances  where  scientific  ideas  and  discoveries  have 
led  to  new  inventions  and  applications 


Learning  outcomes  by  grade  grouping 


SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECHNOLOGY 


By  the  end  of  grade  6 


STSE 

is  expected  students  will. 


General  learning  outcome 

107       describe  applications  of  science  and  technology  that  have  developed  in  response  to  human  and  environmental 

needs 


Specific  learning  outcomes 

1 07- 1     describe  examples,  in  the  home  and  at  school,  of  tools,  techniques, 
and  materials  that  can  be  used  to  respond  to  their  needs 

107-2     describe  and  compare  tools,  techniques,  and  materials  used  by 
different  people  in  their  community  and  region  to  meet  their  needs 

107-3     compare  tools,  techniques,  and  scientific  ideas  used  by  different 
people  around  the  worid  to  interpret  natural  phenomena  and  meet 
their  needs 

1 07-4    provide  examples  of  how  science  and  technology  have  been  used 
to  solve  problems  in  the  home  and  at  school 

107-5     provide  examples  of  how  science  and  technology  have  been  used 
to  solve  problems  in  their  community  and  region 

1 07-6     provide  examples  of  how  science  and  technology  have  been  used 
to  solve  problems  around  the  world 

107-7     describe  examples  of  modem  technologies  that  did  not  exist 
in  the  past 

107-8    describe  examples  of  technologies  that  have  been  developed 
to  improve  their  hving  conditions 

107-9    compare  past  and  current  needs,  and  describe  some  ways  in 

which  science  and  technology  have  changed  the  way  people  work, 
hve,  and  interact  with  the  environment 

1 07- 1 0  identify  women  and  men  in  their  community  who  work  in 
science-  and  technology-related  areas 

1 07- 1 1   identify  examples  of  careers  in  which  science  and  technology 
play  a  major  role 


1 07- 1 2  provide  examples  of  Canadians  who  have  contributed  to  science 
and  technology 

107-1 3  describe  scientific  and  technological  activities  carried  out  by 
people  from  different  cultures 

107-1 4  identify  scientific  discoveries  and  technological  innovations 
of  people  from  different  cultures 

107-1  5  describe  scientific  and  technological  achievements  that  are 
the  result  of  contributions  by  people  from  around  the  world 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will... 


General  learning  outcome 

108       describe  positive  and  negative  effects  that  result  from  applications  of  science  and  technology  in  their  own  Uves, 
the  lives  of  others,  and  the  environment 


Specific  learning  outcomes 

1 08- 1     identify  positive  and  negative  effects  of  famihar  technologies 

1 08-2     describe  intended  and  unintended  effects  of  a  scientific  or 
technological  development 

108-3     describe  how  personal  actions  help  conserve  natural  resources 
and  care  for  hving  things  and  their  habitats 

108-4     describe  how  technological  products  and  systems  can  be  used 
to  conserve  natural  resources 

1 08-5     describe  how  personal  actions  help  conserve  natural  resources 
and  protect  the  environment  in  their  region 

108-6    identify'  their  own  and  their  family's  impact  on  natural  resources 

1 08-7     describe  the  impact  of  school  and  community  on  natural  resources 

1 08-8    describe  the  potential  impact  of  the  use  by  humans  of  regional 
natural  resources 


\ 


INITIATING  AND  PLANNING 


SKILLS 

It  is  expected  students  will.. 


General  learning  outcome 

204     ask  questions  about  objects  and  events  in  the  local  environment  and  develop  plans  to  investigate  those  questions 


Specific  learning  outcomes 


204- 1  propose  questions  to  investigate  and  practical  problems  to  solve 
204-2     rephrase  questions  in  a  testable  form 

204-3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern 
of  events 

204-4    define  objects  and  events  in  their  investigations 

204-5     identify  and  control  major  variables  in  their  investigations 

204-6     identify  various  methods  for  finding  answers  to  given  questions 
and  solutions  to  given  problems,  and  select  one  that  is  appropriate 

204-7     plan  a  set  of  steps  to  solve  a  practical  problem  and  to  carry  out 
a  fair  test  of  a  science-related  idea 

204-8     identify'  appropriate  tools,  instruments,  and  materials  to  complete 
their  investigations 


Learning  outcomes  by  grade  grouping 


PERFORMING  AND  RECORDING 


SKILLS 

It  is  expected  students  will. 


General  learning  outcome 

205      observe  and  investigate  their  environment  and  record  the  results 


Specific  learning  outcomes 

205- 1     carry  out  procedures  to  explore  a  given  problem  and  to  ensure 
a  fair  test  of  a  proposed  idea,  controlling  major  variables 

205-2     select  and  use  tools  in  manipulating  materials  and  in  building 
models 

205-3     follow  a  given  set  of  procedures 

205-4    select  and  use  tools  for  measuring 

205-5     make  observations  and  collect  information  that  is  relevant 
to  a  given  question  or  problem 

205-6    estimate  measurements 

205-7     record  observations  using  a  single  word,  notes  in  point  form, 
sentences,  and  simple  diagrams  and  charts 

205-8     identify  and  use  a  variety  of  sources  and  technologies  to  gather 
pertinent  information 

205-9    use  tools  and  apparatus  in  a  manner  that  ensures  personal  safety 
and  the  safety  of  others 

205-1 0  construct  and  use  devices  for  a  specific  purpose 


t 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  6 


ANALYSING  AND  INTERPRETING 


General  learning  outcome 

206     interpret  findings  from  investigations  using  appropriate  methods 


Specific  learning  outcomes 

206- 1     classify  according  to  several  attributes  and  create  a  chart  or 
diagram  that  shows  the  method  of  classifying 

206-2     compile  and  display  data,  by  hand  or  by  computer,  in  a  variety 
of  formats  including  frequency  tallies,  tables,  and  bar  graphs 

206-3     identify  and  suggest  explanations  for  patterns  and  discrepancies 
in  data 

206-4    evaluate  the  usefulness  of  different  information  sources  in 
answering  a  given  question 

206-5     draw  a  conclusion,  based  on  evidence  gathered  through  research 
and  observation,  that  answers  an  initial  question 

206-6    suggest  improvements  to  a  design  or  constructed  object 

206-7     evaluate  personally  constructed  devices  with  respect  to  safety, 
reliability,  function,  efficient  use  of  materials,  and  appearance 

206-8     identify'  potential  apphcations  of  findings 

206-9     identify  new  questions  or  problems  that  arise  from  what  was  It^amed 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


COMMUNICATION  AND  TEAMWORK 


57 


General  learning  outcome 

207     work  collaboratively  to  carry  out  science-related  activities  and  communicate  ideas,  procedures,  and  results 


Specific  learning  outcomes 

207- 1     communicate  questions,  ideas,  and  intentions,  and  listen  to  others 
while  conducting  investigations 

207-2     communicate  procedures  and  results,  using  lists,  notes  in  point 
form,  sentences,  charts,  graphs,  drawings,  and  oral  language 

207-3    work  with  team  members  to  develop  and  carry  out  a  plan 

207-4    ask  others  for  advice  or  opinions 

207-5     identify  problems  as  they  arise  and  work  cooperatively  with  others 
to  find  solutions 

207-6    work  with  group  members  to  evaluate  the  processes  used  in  solving 
a  problem 


52 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  6 


KNOWLEDGE 

It  is  expected  students  will... 


General  learning  outcome 

300       describe  and  compare  characteristics  and  properties  of  living  things,  objects,  and  materials 


Specific  learning  outcomes 

300- 1     compare  the  external  features  and  behaviound  patterns  of  animals 
that  help  them  thrive  in  different  kinds  of  places 

300-2     compare  the  structural  features  of  plants  that  enable  diem  to  thrive 
in  different  kinds  of  places 

300-3     describe  how  the  human  ear  is  designed  to  detect  vibrations 

300-4  compare  the  range  of  sounds  heard  by  humans  to  that  heard  by 
other  animals 

300-5  compare  different  rocks  and  minerals  from  their  local  area  with 
those  from  other  places 

300-6     describe  rocks  and  minerals  according  to  physical  properties 

such  as  colour,  texture,  lustre,  hardness,  crystal  shape  (minerals) 

300-7     identify  and  describe  rocks  that  contain  records  of  Earth's  history 

300-8     relate  the  characteristics  of  rocks  and  minerals  to  their  uses 

300-9    group  materials  as  solids,  liquids,  or  gases,  based  on  their  properties 

300- 1 0  identify  properties  such  as  texture,  hardness,  flexibihty,  strength, 
buoyancy;  and  sokibility  that  alknv  materials  to  be  distinguished 
from  one  another 

300- 1 1   relate  the  mass  of  a  whole  object  to  the  sum  of  the  mass  of  its 
parts 

300- 1 2  identify  the  source  of  the  materials  found  in  an  object  and 

describe  the  changes  to  the  natural  materials  required  to  make 
the  object 


300- 1 3  describe  weather  in  terms  of  temperature,  wind  speed  and 
direction,  precipitation,  and  cloud  cover 

300- 1 4  describe  situations  demonstrating  that  air  takes  up  space, 
has  weight,  and  expands  when  heated 

300- 1  5  describe  the  role  of  a  common  classification  system  for  living 
things 

300- 1 6  distinguish  between  vertebrates  and  invertebrates 

300- 1 7  compare  the  characteristics  of  mammals,  birds,  reptiles,  amphibians, 
and  fishes 


300  1 
300-19 


- 1 8  compare  characteristics  of  common  arthropods 


examine  and  describe  some  Hving  things  that  cannot  be  seen  \\  ith 
the  naked  eye 

300-20  compare  the  conductivity  of  a  variety  of  sohds  and  Hquids 

300-2 1   identify  characteristics  and  adaptations  that  enable  birds  and 
insects  to  fly 

300-22  describe  and  justify'  the  differences  in  design  between  aircraft 
and  spacecraft 

300-23  describe  the  physical  characteristics  of  components  of  the  solar 
system  —  specifically,  the  sun,  planets,  moons,  comets,  asteroids, 
and  meteors 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


KNOWLEDGE 

It  is  expected  students  will... 


General  learning  outcome 

301       describe  and  predict  causes,  effects,  and  patterns  related  to  change  in  living  and  non-living  things 


Specific  learning  outcomes 

301-1     predict  how  the  removal  of  a  plant  or  animal  population  affects 
the  rest  of  the  community 

301-2     relate  habitat  loss  to  the  endangerment  or  extinction  of  plants 
and  animals 

301-3     demonstrate  and  describe  how  the  pitch  and  loudness  of  sounds 
can  be  modified 

301-4    describe  ways  in  which  soil  is  formed  from  rocks 

301-5     describe  effects  of  wind,  water,  and  ice  on  the  landscape 

301-6    demonstrate  a  variety  of  methods  of  weathering  and  erosion 

301-7     describe  natural  phenomena  that  cause  rapid  and  significant 
changes  to  the  landscape 

301-8     relate  bodily  changes,  such  as  acne  on  the  skin  and  growth  of 
body  hair,  to  growth  and  development 

301-9     identify  changes  that  can  be  made  to  an  object  without  changing 
the  properties  of  the  material  making  up  the  object 

301  - 1 0  identify  and  describe  some  changes  to  materials  that  are 
reversible  and  some  that  are  not 

301  - 1 1   describe  changes  that  occur  in  the  properties  of  materials  when 
they  interact  with  each  other 

301  - 1 2  describe  examples  of  interactions  between  materials  that  result  in 
the  production  of  a  gas 

301  - 1 3  relate  the  constant  circulation  of  water  on  Earth  to  the  processes 
of  evaporation,  condensation,  and  precipitation 

301  - 1 4  describe  and  predict  patterns  of  change  in  local  weather  conditions 


301-15  compare  the  adaptations  of  closely  related  animals  living  in  different 
parts  of  the  worid  and  discuss  reasons  for  any  differences 

301  - 1 6  identify  changes  in  animals  over  time,  using  fossils 

301  - 1 7  describe  and  demonstrate  how  Uft  is  affected  by  the  shape 
of  a  surface 

301-18  describe  and  demonstrate  methods  for  altering  drag  in  flying 
devices 

301  - 1 9  demonstrate  how  Earth's  rotation  causes  the  day  and  night  cycle 
and  how  Earth's  revolution  causes  the  yearly  cycle  of  seasons 

301-20  observe  and  explain  how  the  relative  positions  of  Earth,  the  moon, 
and  the  sun  are  responsible  for  the  moon  phases,  eclipses, 
and  tides 

301  -2 1   describe  how  astronauts  are  able  to  meet  their  basic  needs  in  space 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  6 


154 

KNOWLEDGE 

It  is  expected  students  will... 

General  learning  outcome 

302 

describe  interactions  within  natural  systems  and  the  elements  required  to  maintain  these  systems 

Specific 

learning  outcomes 

302-1 

identify  a  variety  of  local  and  regional  habitats  and  their  associated 
pupuidiiuiid  oi  pidiiis  diiu  aiiinidis 

302-2 

describe  how  a  variety  of  animals  are  able  to  meet  their  basic 
needs  in  their  habitat 

classify  organisms  according  to  their  role  in  a  food  chain 

302-4 

describe  the  role  played  by  body  systems  in  helping  humans  and 
other  animals  to  grow  and  reproduce  and  to  meet  their  basic 

needs 

describe  the  structure  and  function  of  the  major  organs  of  the 
digestive,  excretory,  respiratory,  circulatory,  and  nervous  systems 

302-6 

demonstrate  how  the  skeletal,  muscular,  and  nervous  systems 
work  together  to  produce  movement 

302-7 

describe  the  role  of  the  skin 

302-8 

describe  the  body's  defences,  such  as  tears,  saliva,  skin,  certain 
blood  cells,  and  stomach  secretions,  against  infections 

302-9 

describe  nutritional  and  other  requirements  for  maintaining 
a  healthy  body 

^n7-in 

i^u^ntiiv  H'^ftpmc  in  innr»Ar  "CinH  niitHr^nr  Qir  mrwpmpnt 
lULlllllV  UallClll^  111  lUUUUl  <111U  UUIUUUI  dJl  lllUVClllClll 

302-11 

describe  the  key  features  of  a  variety  of  weather  systems 

302-12 

describe  how  microorganisms  meet  their  basic  needs,  including 
obtaining  food,  water,  and  air,  and  moving  around 

302-13 

identify'  constellations  in  the  night  sky 

V 

T 


By  the  end  of  grade  6 


Learning  outcomes  by  grade  grouping 


4  to  6 


General  learning  outcome 

303       describe  forces,  motion,  and  energy  and  relate  them  to  phenomena  in  their  observable  environment 


Specific  learning  outcomes 


303-1     identify  sources  of  natural  and  artificial  light  in  the  environment 

303-2     demonstrate  that  light  travels  in  all  directions  away  from  a  source 

303-3     distinguish  between  objects  that  emit  their  own  hght  and  those 
that  require  an  external  source  of  hght  to  be  seen 

303-4     investigate  how  a  beam  of  hght  interacts  with  a  variety  of  objects, 
in  order  to  determine  whether  the  objects  cast  shadows,  allow 
light  to  pass,  or  reflect  hght 

303-5     predict  the  location,  shape,  and  size  of  a  shadow  when  a  hght 
source  is  placed  in  a  given  location  relative  to  an  object 

303-6     demonstrate  and  describe  how  a  variet\'  of  media  can  be  used  to 
change  the  direction  of  light 

303-7     demonstrate  that  white  hght  can  be  separated  into  colours 

303-8    compare  how  hght  interacts  with  a  variety  of  optical  devices  such 
as  kaleidoscopes,  periscopes,  telescopes,  and  magnifying  glasses 

303-9     identify  objects  by  the  sounds  they  make 

303-1 0  relate  vibrations  to  sound  production 

303- 1 1   compare  how  vibrations  travel  differently  through  a  variety  of 
solids  and  liquids  and  through  air 

303- 1 2  investigate  different  kinds  of  forces  used  to  move  objects  or  hold 
them  in  place 

303- 1 3  observe  and  describe  how  various  forces,  such  as  magnetic, 
mechanical,  wind,  and  gravitational,  can  act  direcdy  or  from  a 
distance  to  cause  objects  to  move 

303- 1 4  demonstrate  and  describe  the  effect  of  increasing  and  decreasing 
the  amount  of  force  applied  to  an  object 


303-15 

303-16 

303-17 

303-18 

303-19 
303-20 

303-21 
303-22 
303-23 

303-24 
303-25 
303-26 

303-27 

303-28 
303-29 


investigate  and  compare  the  efi^ect  of  friction  on  the  movement  of 
an  object  over  a  variety  of  surfaces 

demonstrate  the  use  of  rollers,  wheels,  and  axles  in  moving 
objects 

compare  the  force  needed  to  hft  a  load  manually  with  that 
required  to  hft  it  using  a  simple  machine 

differentiate  between  the  position  of  the  fulcrum,  the  load,  and 
the  effort  force  when  using  a  lever  to  accomphsh  a  particular  task 

design  the  most  efficient  lever  to  accomphsh  a  given  task 

compare  the  force  needed  to  lift  a  load  using  a  single  pulley  system 
with  that  needed  to  lift  it  using  a  multiple  pulley  system 

relate  the  transfer  of  energy  from  the  sun  to  weather  conditions 

compare  the  characteristics  of  static  and  current  electricity 

compare  a  variety  of  electrical  pathways  by  constructing  simple 
circuits 

describe  the  role  of  switches  in  electrical  circuits 
compare  characteristics  of  series  and  parallel  circuits 
demonstrate  how  electricity  in  circuits  can  produce  hght,  heat, 


sound,  motion,  and  magnetic  effects 

describe  the  relationship  between  electricity  and  magnetism  when 
using  an  electromagnet 

identify  various  methods  by  which  electricity  can  be  generated 

identify  and  explain  sources  of  electricity  as  renewable  or 
nonrenewable 


303-30  identify  and  explain  different  factors  that  could  lead  to  a  decrease 
in  electrical  energy  consumption  in  the  home  and  at  school 

303-3 1   identify-  and  explain  the  dangers  of  electricity  at  work  or  at  play 

303-32  describe  the  role  of  lift  in  overcoming  gravity  and  enabhng 
devices  or  hving  things  to  fly 

303-33  identify  situations  which  involve  BemouUi's  principle 

303-34  describe  the  means  of  propulsion  for  flying  devices 


m 


Learning  outcomes  by  grade  grouping 


From  grade  4  through  grade  6 


56 


General  learning  outcomes 

409  appreciate  the  role  and  contribution  of  science  and  technology  in  their  understanding  of  the  world 

410  realize  that  the  appHcations  of  science  and  technology  can  have  both  intended  and  unintended  effects 

41 1  recognize  that  women  and  men  of  any  cultural  background  can  contribute  equally  to  science 

412  show  interest  and  curiosity  about  objects  and  events  within  different  environments 

41 3  wilUngly  observe,  question,  explore,  and  investigate 

414  show  interest  in  the  activities  of  individuals  working  in  scientific  and  technological  fields 

41 5  consider  their  own  observations  and  ideas  as  well  as  those  of  others  during  investigations  and  before 
drawing  conclusions 

416  appreciate  the  importance  of  accuracy  and  honesty' 

41 7  demonstrate  perseverance  and  a  desire  to  understand 

418  work  collaboratively  while  exploring  and  investigating 

419  be  sensitive  to  and  develop  a  sense  of  responsibility  for  the  welfare  of  other  people,  other  living  things, 
and  the  environment 

420  show  concern  for  their  safety  and  that  of  others  in  planning  and  carrying  out  activities  and  in  choosing 
and  using  materials 

421  become  aware  of  potential  dangers 


*  Because  of  the  nature  of  the  attitudes  foundation,  no  specific  learning  outcomes  have  been  identified. 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will...  \ 


57 


General  learning  outcome 

109       describe  various  processes  used  in  science  and  technology  that  enable  us  to  understand  natural  phenomena  and 
develop  technological  solutions 


Specific  learning  outcomes 

1 09- 1  describe  the  role  of  collecting  evidence,  finding  relationships,  and 
proposing  explanations  in  the  development  of  scientific  knowledge 

109-2     describe  and  explain  the  role  of  collecting  evidence,  finding 
relationships,  proposing  explanations,  and  imagination  in  the 
development  of  scientific  knowledge 

109-3  describe  and  explain  the  role  of  experimentation,  collecting 
evidence,  finding  relationships,  proposing  explanations,  and 
imagination  in  the  development  of  scientific  knowledge 

1 09-4  provide  examples  of  how  technologies  used  in  the  past  were 
developed  through  trial  and  error 

109-5  describe  how  technologies  develop  as  a  systematic  trial-and-error 
process  that  is  constrained  by  the  properties  of  materials  and  the 
laws  of  nature 

109-6  illustrate  how  technologies  develop  as  a  systematic  trial-and-error 
process  that  is  constrained  by  cost,  the  availability  and  properties 
of  materials,  and  the  laws  of  nature 

109-7     identify  different  approaches  taken  to  answer  questions,  solve 
problems,  and  make  decisions 

109-8  describe  scientific  inquiry,  problem  solving,  and  decision  making, 
and  provide  examples  where  they  may  be  appHed 

109-9  compare  scientific  inquiry,  problem  solving,  and  decision  making 
in  terms  of  their  purpose,  goals,  and  applications 

1 09- 1 0  relate  personal  activities  in  formal  and  informal  settings  to  specific 
science  disciplines 

1 09- 1 1   relate  personal  activities  and  various  scientific  and  technological 
endeavours  to  specific  science  disciplines  and  interdisciplinary 
study  areas 


109-1 2  distinguish  between  terms  that  are  scientific  or  technological 
and  those  that  are  not 

1 09- 1 3  explain  the  importance  of  choosing  words  that  are  scientifically 
or  technologically  appropriate 

109- 1 4  explain  the  importance  of  using  precise  language  in  science 
and  technology 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  9 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


General  learning  outcome 

110       describe  the  development  of  science  and  technology  over  time 


Specific  learning  outcomes 

110-1     provide  examples  of  ideas  and  theories  used  in  the  past  to  explain 
natural  phenomena 

110-2     distinguish  between  ideas  used  in  the  past  and  theories  used 
today  to  explain  natural  phenomena 


1 1 0-3     identify  major  shifts  in  scientific  world  views 

1 1 0-4    describe  examples  of  how  scientific  knowledge  has  evolved  in 
light  of  new  evidence 

110-5     illustrate  examples  of  conflicting  evidence  for  similar  scientific 
questions 

1 1 0-6     explain  the  need  for  new  evidence  in  order  to  continually  test 
existing  theories 

1 1 0-7     provide  examples  of  technologies  used  in  the  past  to  meet  human 

needs 

1 1 0-8    describe  examples  of  how  technologies  have  been  improved 
over  time 

110-9     compare  examples  of  past  and  current  technologies  developed 
to  meet  a  similar  need 


By  the  end  of  grade  9 


Learning  outconnes  by  grade  grouping 


RELATIONSHIPS  BETWEEN  SCIENCE  AND  TECHNOLOGY 


General  learning  outcome 

111       explain  how  science  and  technology  interact  with  and  advance  one  another 


Specific  learning  outcomes 

111-1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the 
development  of  technologies 

111-2     provide  examples  of  technologies  used  in  scientific  research 

111-3     provide  examples  of  technologies  that  have  enabled  scientific 
research 

111-4    provide  examples  of  technologies  that  have  enhanced,  promoted, 
or  made  possible  scientific  research 

111-5     describe  the  science  underlying  particular  technologies  designed 
to  explore  natural  phenomena,  extend  human  capabihties,  or 
solve  practical  problems 

111-6    apply  the  concept  of  systems  as  a  tool  for  interpreting  the 

structure  and  interactions  of  natural  and  technological  systems 


^^^^^^^^ 


7  to  9 


Learning  outcomes  by  grade  grouping 


SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will. 


General  learning  outcome 

112       illustrate  how  the  needs  of  individuals,  society,  and  the  environment  influence  and  are  influenced  by  scientific 
and  technological  endeavours 


Specific  learning  outcomes 

112-1     describe  how  an  individual's  needs  can  lead  to  developments 
in  science  and  technology 

1 1 2-2     describe  how  a  community's  needs  can  lead  to  developments 
in  science  and  technology 

1 1 2-3    explain  how  society's  needs  can  lead  to  developments  in  science 
and  technology 

1 1 2-4    provide  examples  of  Canadian  institutions  that  support  scientific 
and  technological  endeavours 

112-5     provide  examples  of  public  and  private  Canadian  institutions  that 
support  scientific  and  technological  research  and  endeavours 

1 1 2-6     provide  examples  of  how  Canadian  research  projects  in  science 
and  technology  are  supported 

1 1 2-7     provide  examples  of  how  science  and  technology  affect  their  fives 
and  their  community 

112-8    provide  examples  to  iflustrate  that  scientific  and  technological 
activities  take  place  in  a  variety  of  individual  or  group  settings 

1 1 2-9    identify  science-  and  technology-based  careers  in  their  community 

112-10  provide  examples  of  science-  and  technology-based  careers 
in  their  province  or  territory 

112-11   describe  examples  of  science-  and  technology -based  careers 
in  Canada,  and  relate  these  careers  to  their  studies  in  science 

112-12  provide  examples  of  Canadian  contributions  to  science  and 
technology 


By  the  end  of  grade  9 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will... 


General  learning  outcome 

113       analyse  social  issues  related  to  the  applications  and  limitations  of  science  and  technology,  and  explain  decisions 
in  terms  of  advantages  and  disadvantages  for  sustainabihty,  considering  a  few  perspectives 


Specific  learning  outcomes 


113-1     identify  some  positive  and  negative  effects  and  intended  and 

unintended  consequences  of  a  particular  scientific  or  technological 
development 

1 1 3-2     describe  possible  positive  and  negative  effects  of  a  particular 

scientific  or  technological  development,  and  explain  how  different 
groups  in  society  may  have  different  needs  and  desires  in  relation 
to  it 

1 1 3-3     describe  possible  positive  and  negative  effects  of  a  particular 
scientific  or  technological  development,  and  explain  why  a 
practical  solution  requires  a  compromise  between  competing 
priorities 

1 1 3-4    analyse  the  design  of  a  technology  and  the  way  it  functions  on  the 
basis  of  its  impact  on  their  daily  lives 

113-5     analyse  the  design  of  a  technology  and  the  way  it  functions  on  the 
basis  of  identified  criteria  such  as  cost  and  impact  on  daily  Ufe 
and  the  community 

1 1 3-6    evaluate  the  design  of  a  technology  and  the  way  it  functions  on 
the  basis  of  identified  criteria  such  as  cost  and  the  impact  on 
daily  life  and  the  environment 

1 1 3-7     suggest  solutions  to  problems  that  arise  from  applications  of 

science  and  technology,  taking  into  account  potential  advantages 
and  disadvantages 

1 1 3-8     make  informed  decisions  about  applications  of  science  and 

technology,  taking  into  account  personal  and  social  advantages 
and  disadvantages 

1 1 3-9     make  informed  decisions  about  appUcations  of  science  and 

technologv;  taking  into  account  environmental  and  social  advantages 
and  disadvantages 


113-10  provide  examples  of  problems  that  arise  at  home,  in  an  industrial 
setting,  or  in  the  environment  that  cannot  be  solved  using  scientific 
and  technological  knowledge 

113-11   propose  a  course  of  action  on  social  issues  related  to  science  and 
technology,  taking  into  account  personal  needs 

113-12  propose  a  course  of  action  on  social  issues  related  to  science  and 
technology,  taking  into  account  personal  and  community  needs 

113-13  propose  a  course  of  action  on  social  issues  related  to  science  and 
technology,  taking  into  account  human  and  environmental  needs 


1 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  9 


INITIATING  AND  PLANNING 


General  learning  outcome 

208       ask  questions  about  relationships  between  and  among  observable  variables  and  plan  investigations  to  address  those 
questions 


Specific  learning  outcomes 

208-1     rephrase  questions  in  a  testable  form  and  clearly  define  practical 
problems 

208-2     identify  questions  to  investigate  arising  from  practical  problems 
and  issues 

208-3     define  and  dehmit  questions  and  problems  to  facilitate  investigation 

208-4    propose  alternative  solutions  to  a  given  practical  problem, 
select  one,  and  develop  a  plan 

208-5     state  a  prediction  and  a  hypothesis  based  on  background  information 
or  an  observed  pattern  of  events 

208-6    design  an  experiment  and  identify  major  variables 

208-7     formulate  operational  definitions  of  major  variables  and  other 
aspects  of  their  investigations 

208-8    select  appropriate  methods  and  tools  for  collecting  data  and 
information  and  for  solving  problems 


\ 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


PERFORMING  AND  RECORDING 


63 


General  learning  outcome 

209       conduct  investigations  into  relationships  between  and  among  observations,  and  gather  and  record  quahtative  and 


Specific  learning  outcomes 

209- 1     carry  out  procedures  controlling  the  major  variables 
209-2     estimate  measurements 

209-3     use  instruments  effectively  and  accurately  for  collecting  data 

209-4    organize  data  using  a  format  that  is  appropriate  to  the  task  or 
experiment 

209-5     select  and  integrate  information  from  various  print  and  electronic 
sources  or  from  several  parts  of  the  same  source 

209-6    use  tools  and  apparatus  safely 

209-7     demonstrate  a  knowledge  of  WHMIS  standards  by  using  proper 
techniques  for  handling  and  disposing  of  lab  materials 


quantitative  data 


7  to  9 


Learning  outcomes  by  grade  grouping 


ANALYSING  AND  INTERPRETING 


By  the  end  of  grade  9 


64 

SKILLS 

It  is  expected  students  will... 

General  learning  outcome 

210 

analyse  qualitative  and  quantitative  data  and  develop  and  assess  possible  explanations 

Specific  learning  outcomes 

210-1 
210-2 

use  or  construct  a  classification  key 

compile  and  display  data,  by  hand  or  computer,  in  a  variety 
of  formats,  including  diagrams,  flow  charts,  tables,  bar  graphs, 
line  graphs,  and  scatter  plots 

210-15  evaluate  designs  and  prototypes  in  terms  of  function,  reliability, 
safety,  efficiency,  use  of  materials,  and  impact  on  the  environment 

210-16  identify  new  questions  and  problems  that  arise  from  what  was 
learned 

210-3 

identify  strengths  and  weaknesses  of  different  methods  of  collecting 
and  displaying  data 

Z  1 U  H 

predict  the  value  of  a  variable  by  interpolating  or  extrapolating 
from  graphical  data 

210-5 

identify  the  line  of  best  fit  on  a  scatter  plot  and  interpolate  or 
extrapolate  based  on  the  line  of  best  fit 

210-6 

interpret  patterns  and  trends  in  data,  and  infer  and  explain 
relationships  among  the  variables 

210-7 

identify,  and  suggest  explanations  for,  discrepancies  in  data 

210-8 

apply  given  criteria  for  evaluating  cAidence  and  sources  of  information 

210-9 

calculate  theoretical  values  of  a  variable 

210-10 

identify  potential  sources  and  determine  the  aniouni  ot  error 
in  measurement 

210-11 

state  a  conclusion,  based  on  experimental  data,  and  explain  how 
evidence  gathered  supports  or  refutes  an  initial  idea 

210-12 

identify  and  evaluate  potential  applications  of  findings 

210-13 

test  the  design  of  a  constructed  device  or  system 

210-14 

identify  and  correct  practical  problems  in  the  way  a  prototype  or 
constructed  device  functions 

By  the  end  of  grade  9 

Learning  outcomes  by  grade  grouping 

7  to  9 

COMMUNICATION  AND  TEAMWORK 

SKILLS 

It  is  expected  students  will... 

General  learning  outcome 

211       work  collaboratively  on  problems  and  use  appropriate  language  and  formats  to  communicate  ideas,  procedures, 
and  results 


Specific  learning  outcomes 

211-1     receive,  understand,  and  act  on  the  ideas  of  others 

211-2     communicate  questions,  ideas,  intentions,  plans,  and  results, 
using  lists,  notes  in  point  form,  sentences,  data  tables,  graphs, 
drawings,  oral  language,  and  other  means 

211-3     work  cooperatively  with  team  members  to  develop  and  carry  out 
a  plan,  and  troubleshoot  problems  as  they  arise 

211-4     evaluate  individual  and  group  processes  used  in  planning, 
problem  solving,  decision  making,  and  completing  a  task 

211-5     defend  a  given  position  on  an  issue  or  problem,  based  on  their 
findings 


7  to  9 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


66 


By  the  end  of  grade  9 


KNOWLEDGE 

/*  is  expected  students  will.. 


General  learning  outcome 

304       explain  and  compare  processes  that  are  responsible  for  the  maintenance  of  an  organism's  Me 


Specific  learning  outcomes 

304- 1     explain  how  biological  classification  takes  into  account  the  diversity 
of  hfe  on  Earth 

304-2     identify  the  roles  of  producers,  consumers,  and  decomposers 
in  a  local  ecosystem,  and  describe  both  their  diversity  and  their 
interactions 

304-3     describe  conditions  essential  to  the  growth  and  reproduction 
of  plants  and  microorganisms  in  an  ecosystem  and  relate  these 
conditions  to  various  aspects  of  the  human  food  supply 

304-4    illustrate  and  explain  that  the  cell  is  a  living  system  that  exhibits 
all  the  characteristics  of  Ufe 

304-5     distinguish  between  plant  and  animal  cells 

304-6     explain  that  growth  and  reproduction  depend  on  cell  division 

304-7     explain  structural  and  functional  relationships  between  and 
among  cells,  tissues,  organs,  and  systems  in  the  human  body 

304-8    relate  the  needs  and  functions  of  various  cells  and  organs  to 
the  needs  and  functions  of  the  human  organism  as  a  whole 

304-9     describe  the  basic  factors  that  affect  the  functions  and  efficiency 
of  the  human  respiratory,  circulatory,  digestive,  excretory,  and 
nervous  systems 

304- 1 0  describe  examples  of  the  interdependence  of  various  systems 
of  the  human  body 

304-1 1   illustrate  and  describe  the  basic  process  of  cell  division,  including 
what  happens  to  the  cell  membrane  and  the  contents  of  the 
nucleus 

304- 1 2  explain  signs  of  pregnancy  and  describe  the  major  stages 
of  human  development  from  conception  to  early  infancy 


\ 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


General  learning  outcome 

305       explain  processes  responsible  for  the  continuity  and  diversity  of  life 


Specific  learning  outcomes 

305- 1     recognize  that  the  nucleus  of  a  cell  contains  genetic  information 
and  determines  cellular  processes 

305-2     distinguish  between  sexual  and  asexual  reproduction 
in  representative  organisms 

305-3     compare  sexual  and  asexual  reproduction  in  terms  of  their 
advantages  and  disadvantages 

305-4    compare  the  structure  and  function  of  the  human  reproductive 

systems 

305-5     discuss  factors  that  may  lead  to  changes  in  a  cell's  genetic 

information 


68 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


UU  LLUI  (It 

306       describe  interactions  and  explain  dynamic  equilibrium  within  ecological  systems 


By  the  end  of  grade  9 


KNOWLEDGE 

It  is  expected  students  will.. 


Specific  learning  outcomes 

306- 1     describe  how  energy  is  supplied  to,  and  how  it  flows  through, 

a  food  web 

306-2     describe  how  matter  is  recycled  in  an  ecosystem  through 

interactions  among  plants,  animals,  fungi,  and  microorganisms 

306-3     describe  interactions  between  biotic  and  abiotic  factors  in  an 
ecosystem 

306-4    identify  signs  of  ecological  succession  in  a  local  ecosystem 


By  the  end  of  grade  9 


General  learning  outcome 

307       describe  the  properties  and  components  of  matter,  and  explain  interactions  between  those  components 


Specific  learning  outcomes 

307- 1     distinguish  between  pure  substances  and  mixtures  using  the 
particle  model  of  matter 

307-2     identify  and  separate  the  components  of  mixtures 

307-3     describe  the  characteristics  of  solutions  using  the  particle  model 
of  matter 

307-4     describe  quahtatively  and  quantitatively  the  concentration 
of  solutions 

307-5     describe  quahtatively  the  factors  that  affect  solubihty 

307-6     compare  the  viscosity  of  various  hquids 

307-7     describe  factors  that  can  modify  the  viscosity  of  a  Uquid 

307-8     describe  the  relationship  between  the  mass,  volume,  and  density 
of  sohds,  hquids,  and  gases  using  the  particle  model  of  matter 

307-9     explain  the  effects  of  changes  in  temperature  on  the  density  of 
solids,  hquids,  and  gases  and  relate  the  results  to  the  particle 
model  of  matter 

307- 1 0  describe  situations  in  daily  hfe  where  the  density  of  substances 
naturally  changes  or  is  intentionally  altered 

307- 1 1   analyse  quantitatively  the  density  of  various  substances 

307- 1 2  investigate  materials  and  describe  them  in  terms  of  their  physical 
properties 

307- 1 3  describe  changes  in  the  properties  of  materials  that  result  from 
some  common  chemical  reactions 

307- 1 4  use  models  in  describing  the  structure  and  components  of  atoms 
and  molecules 


307-1 5  identify  examples  of  common  elements,  and  compare  their 
characteristics  and  atomic  structure 

307-1 6  identic  and  write  chemical  symbol  or  molecular  formula  of 
common  elements  or  compounds 


7  to  9 


Learning  outcomes  by  grade  grouping 


PHYSICAL  SCIENCE 


KNOWLEDGE 

It  is  expected  students  will.. 


General  learning  outcome 

308       describe  sources  and  properties  of  energy,  and  explain  energy  transfers  and  transformations 


By  the  end  of  grade  9 


Specific  learning  outcomes 


308-1     compare  various  instruments  used  to  measure  temperature 

308-2     explain  temperature  using  the  concept  of  kinetic  energy  and  the 
particle  model  of  matter 

308-3    explain  how  each  state  of  matter  reacts  to  changes  in  temperature 

308-4    explain  changes  of  state  using  the  particle  model  of  matter 

308-5     compare  transmission  of  heat  by  conduction,  convection,  and 
radiation 

308-6    describe  how  various  surfaces  absorb  radiant  heat 

308-7     explain,  using  the  particle  model  of  matter,  differences  among 
heat  capacities  of  some  common  materials 

308-8     identify  and  describe  properties  of  visible  Ught 

308-9    describe  the  laws  of  reflection  of  visible  light  and  their  applications 
in  everyday  life 

308- 1 0  describe  qualitatively  how  visible  Ught  is  refracted 

308-1 1   describe  different  types  of  electromagnetic  radiation,  including 
infrared,  ultraviolet.  X-rays,  microwaves,  and  radio  waves 

308- 1 2  compare  properties  of  visible  light  to  the  properties  of  other 

types  of  electromagnetic  radiation,  including  infrared,  ultraviolet. 
X-rays,  microwaves,  and  radio  waves 

308-1 3  explain  the  production  of  static  electrical  charges  in  some 
common  materials 

308- 1 4  identify  properties  of  static  electrical  charges 

308- 1 5  compare  qualitatively  static  electricity  and  electric  current 


308- 1 6  describe  the  flow  of  charge  in  an  electrical  circuit 

308- 1 7  describe  series  and  parallel  circuits  involving  varying  resistance, 
voltage,  and  current 

308- 1 8  relate  electrical  energy  to  domestic  power  consumption  costs 

308- 1 9  determine  quantitatively  the  efficiency  of  an  electrical  appUance 
that  converts  electrical  energy  to  heat  energy 

308-20  describe  the  transfer  and  conversion  of  energy  from  a  generating 
station  to  the  home 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


7  to  9 


PHYSICAL  SCIENCE 


KNOWLEDGE 

It  is  expected  students  will...] 


General  learning  outcome 

309       recognize  that  many  phenomena  are  caused  by  forces,  and  explore  various  situations  involving  forces 


Specific  learning  outcomes 

309- 1     describe  qualitatively  the  relationship  between  mass  and  weight 

309-2     describe  the  movement  of  objects  in  terms  of  balanced  and 
unbalanced  forces 

309-3     describe  quantitatively  the  relationship  between  force,  area,  and 
pressure 

309-4    explain  quahtatively  the  relationship  between  pressure,  volume, 
and  temperature  when  hquid  and  gaseous  fluids  are  compressed 
or  heated 


\ 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  9 


EARTH  AND  SPACE  SCIENCE 


72 


General  learning  outcome 

310       explain  how  Earth  provides  both  a  habitat  for  life  and  a  resource  for  society 


Specific  learning  outcomes 

310-1     describe  the  composition  of  Earth's  crust 

310-2     classify  rocks  and  minerals  based  on  their  characteristics  and 
method  of  formation 

310-3     classify  various  tvpes  of  soil  according  to  their  characteristics, 
and  investigate  ways  to  enrich  soils 


By  the  end  of  grade  9 


Learning  outcomes  by  grade  grouping 


EARTH  AND  SPACE  SCIENCE 


73 


General  learning  outcome 

311       explain  patterns  of  change  and  their  effects  on  Earth 


Specific  learning  outcomes 

311-1     explain  the  processes  of  mountain  formation  and  the  folding  and 
faulting  of  Earth's  surface 

311-2     explain  various  ways  in  which  rock  can  be  weathered 

311-3     relate  various  meteorological,  geological,  and  biological 
processes  to  the  formation  of  soils 

311-4    examine  some  of  the  catastrophic  events,  such  as  earthquakes  or 
volcanic  eruptions,  that  occur  on  or  near  Earth's  surface 

311-5     analyse  data  on  the  geographical  and  chronological  distribution 
of  catastrophic  events  to  determine  patterns  and  trends 

311-6     develop  a  chronological  model  or  time  scale  of  major  events  in 
Earth's  history 

311-7     describe  processes  that  lead  to  the  development  of  ocean  basins 
and  continental  drainage  systems 

311-8     analyse  factors  that  affect  productivity  and  species  distribution  in 
marine  and  fresh  water  environments 

311-9     describe  the  interactions  of  the  ocean  currents,  winds,  and 
regional  climates 

311-10  explain  how  waves  and  tides  are  generated  and  how  they  interact 
with  shorehnes 


311-11   describe  processes  of  erosion  and  deposition  that  resuh  from 
wave  action  and  water  flow 


311-12  describe  factors  that  affect  glaciers  and  polar  icecaps, 

and  describe  their  consequent  effects  on  the  environment 


1 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  9 


EARTH  AND  SPACE  SCIENCE 


74 


General  learning  outcome 

312     describe  the  nature  and  components  of  the  universe 


Specific  learning  outcomes 

312-1     describe  theories  on  the  formation  of  the  solar  system 

312-2     describe  and  classify  the  major  components  of  the  universe 

312-3    describe  theories  on  the  origin  and  evolution  of  the  universe 

3 1 2-4    describe  and  explain  the  apparent  motion  of  celestial  bodies 

312-5     describe  the  composition  and  characteristics  of  the  components 
of  the  solar  system 

3 1 2-6     describe  the  effects  of  solar  phenomena  on  Earth 


From  grade  7  through  grade  9 


Learning  outconnes  by  grade  grouping 


ATTITUDES* 

It  is  expected  that  students  will  be  encouraged  to.. 


General  learning  outcomes 

422  appreciate  the  role  and  contribution  of  science  and  technology  in  our  understanding  of  the  world 

423  appreciate  that  the  applications  of  science  and  technology  can  have  advant^es  and  disadvantages 

424  appreciate  and  respect  that  science  has  evolved  from  different  views  held  by  women  and  men  from 
a  variety  of  societies  and  cultural  backgrounds 

425  show  a  continuing  curiosity  and  interest  in  a  broad  scope  of  science-related  fields  and  issues 

426  confidently  pursue  further  investigations  and  readings 

427  consider  many  career  possibilities  in  science-  and  technology-related  fields 

428  consider  observations  and  ideas  from  a  variety  of  sources  during  investigations  and  before 
drawing  conclusions 

429  value  accuracy,  precision,  and  honesty 

430  persist  in  seeking  answers  to  difficult  questions  and  solutions  to  difficult  problems 

431  work  collaboratively  in  carrying  out  investigations  as  well  as  in  generating  and  evaluating  ideas 

432  be  sensitive  and  responsible  in  maintaining  a  balance  between  the  needs  of  humans  and  a  sustainable 
environment 

433  project,  beyond  the  personal,  consequences  of  proposed  actions 

434  show  concern  for  safety  in  planning,  carrying  out,  and  reviewing  activities 

435  become  aware  of  the  consequences  of  their  actions 


*  Because  of  the  nature  of  the  attitudes  foundation,  no  specific  learning  outcomes  have  been  identified. 


76 


10  to  12 


Learning  outcomes  by  grade  grouping 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


By  the  end  of  grade  12 


General  learning  outcome 


STSE 

It  is  expected  students  will.. 


114       describe  and  explain  disciplinary  and  interdisciplinary  processes  used  to  enable  us  to  understand  natural 
phenomena  and  develop  technological  solutions 


Specific  learning  outcomes 

114-1     explain  how  a  paradigm  shift  can  change  scientific  world  views 

114-2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the 
development  of  scientific  knowledge 

114-3     evaluate  the  role  of  continued  testing  in  the  development  and 

improvement  of  technologies 

1 1 4-4    identify  various  constraints  that  result  in  tradeoffs  during  the 
development  and  improvement  of  technologies 

114-5     describe  the  importance  of  peer  review  in  the  development  of 
scientific  knowledge 

114-6     relate  personal  activities  and  various  scientific  and  technological 
endeavours  to  specific  science  disciphnes  and  interdisciplinary 
studies 

114-7     compare  processes  used  in  science  with  those  used  in  technology 

1 1 4-8    describe  the  usefulness  of  scientific  nomenclature  systems 

114-9     explain  the  importance  of  communicating  the  results  of  a  scientific 
or  technological  endeavour,  using  appropriate  language  and 
conventions 


10  to  12 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


NATURE  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

It  is  expected  students  will 


General  learning  outcome 

115       distinguish  between  science  and  technology  in  terms  of  their  respective  goals,  products,  and  values,  and  describe 
the  development  of  scientific  theories  and  technologies  over  time 


Specific  learning  outcomes 

115-1     distinguish  between  scientific  questions  and  technological  problems 

1 1 5-2     illustrate  how  science  attempts  to  explain  natural  phenomena 

1 1 5-3     explain  how  a  major  scientific  milestone  revolutionized  thinking 
in  the  scientific  communities 

115-4    describe  the  historical  development  of  a  technology 

115-5     analyse  why  and  how  a  particular  technology  was  developed  and 
improved  over  time 

1 1 5-6    explain  how  scientific  knowledge  evolves  as  new  evidence  comes 
to  light 

1 1 5-7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes 
to  light  and  as  laws  and  theories  are  tested  and  subsequently 
restricted,  revised,  or  replaced 


78 


10  to  12 


Learning  outcomes  by  grade  grouping 


RELATIONSHIPS  BETWEEN  SCIENCE  AND  TECHNOLOGY 


By  the  end  of  grade  12 


STSE 

It  is  expected  students 


General  learning  outcome 

116       analyse  and  explain  how  science  and  technology  interact  with  and  advance  one  another 


Specific  learning  outcomes 

116-1     identify  examples  where  scientific  understanding  was  enhanced 
or  revised  as  a  result  of  the  invention  of  a  technology 

116-2     analyse  and  describe  examples  where  scientific  understanding 

was  enhanced  or  revised  as  a  result  of  the  invention  of  a  technology 

116-3     identify  examples  where  technologies  were  developed  based  on 
scientific  understanding 

116-4    analyse  and  describe  examples  where  technologies  were  developed 
based  on  scientific  understanding 

116-5     describe  the  fijnctioning  of  domestic  and  industrial  technologies, 
using  scientific  principles 

116-6    describe  and  evaluate  the  design  of  technological  solutions  and 
the  way  they  function,  using  scientific  principles 

116-7     analyse  natural  and  technological  systems  to  interpret  and  explain 
their  structure  and  dynamics 


\ 


By  the  end  of  grade  12 

Lcdiiiiiiy  uuLLUiiicb  uy  yidUc  yiuupiiiy 

HNOLOGY 

SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECI 

STSE 

It  is  expected  students  will. . . 

79 


General  learning  outcome 

117       analyse  how  individuals,  society,  and  the  environment  are  interdependent  with  scientific  and  technological 
endeavours 


Specific  learning  outcomes 

117-1     compare  examples  of  how  society  supports  and  influences 
science  and  technology 

117-2     analyse  society's  influence  on  scientific  and  technological 
endeavours 

117-3     describe  how  Canadian  research  projects  in  science  and  technology 
are  funded 

1 1 7-4     debate  the  merits  of  funding  specific  scientific  or  technological 
endeavours  and  not  others 

117-5     provide  examples  of  how  science  and  technology  are  an  integral 
part  of  their  fives  and  their  community 

1 1 7-6    analyse  why  scientific  and  technological  activities  take  place  in  a 
variety  of  individual  and  group  settings 

1 1 7-7     identify  and  describe  science-  and  technology-based  careers 
related  to  the  science  they  are  studying 

1 1 7-8    identify  possible  areas  of  further  study  related  to  science  and 
technology 

1 1 7-9    analyse  the  knowledge  and  skiUs  acquired  in  their  study  of  science, 
to  identify  areas  of  further  study  related  to  science  and  technology 

117-10  describe  examples  of  Canadian  contributions  to  science  and 
technology 

117-11   analyse  examples  of  Canadian  contributions  to  science  and 
technology 


lOto  12 


Learning  outcomes  by  grade  grouping 


SOCIAL  AND  ENVIRONMENTAL  CONTEXTS  OF  SCIENCE  AND  TECHNOLOGY 


STSE 

expected  students  will. 


General  learning  outcome 

118       evaluate  social  issues  related  to  the  applications  and  limitations  of  science  and  technology,  and  explain 

decisions  in  terms  of  advantages  and  disadvant^es  for  sustainabihty,  considering  a  variety  of  perspectives 


Specific  learning  outcomes 

118-1     compare  the  risks  and  benefits  to  society  and  the  environment 
of  applying  scientific  knowledge  or  introducing  a  technology 

118-2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to 
society'  and  the  environment  of  applying  scientific  knowledge 
or  introducing  a  particular  technology 

118-3     evaluate  the  design  of  a  technology  and  the  way  it  functions  on 

the  basis  of  identified  criteria  such  as  safety,  cost,  availabihty,  and 
impact  on  everyday  life  and  the  environment 

1 1 8-4    evaluate  the  design  of  a  technology  and  the  way  it  functions  on 
the  basis  of  a  variety  of  criteria  that  they  have  identified 
themselves 

118-5     defend  a  decision  or  judgement  and  demonstrate  that  relevant 
arguments  can  arise  from  different  perspectives 

1 1 8-6     construct  arguments  to  support  a  decision  or  judgement,  using 
examples  and  evidence  and  recognizing  various  perspectives 

118-7  identify  instances  in  which  science  and  technology  are  limited  in 
finding  the  answer  to  questions  or  the  solution  to  problems 

118-8     distinguish  between  questions  that  can  be  answered  by  science 
and  those  that  cannot,  and  between  problems  that  can  be  solved 
by  technology  and  those  that  cannot 

118-9     propose  a  course  of  action  on  social  issues  related  to  science  and 
technology,  taking  into  account  human  and  environmental  needs 

118-10  propose  courses  of  action  on  social  issues  related  to  science  and 
technology,  taking  into  account  an  array  of  perspectives,  including 
that  of  sustainabilitv 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


INITIATING  AND  PLANNING 


81 


General  learning  outcome 

212       ask  questions  about  observed  relationships  and  plan  investigations  of  questions,  ideas,  problems,  and  issues 


Specific  learning  outcomes 

212-1     identify  questions  to  investigate  that  arise  from  practical  problems 
and  issues 

212-2     define  and  deUmit  problems  to  facihtate  investigation 

212-3     design  an  experiment  identifying  and  controUing  major  variables 

212-4     state  a  prediction  and  a  hypothesis  based  on  available  evidence 


and  background  information 

212-5     identify  the  theoretical  basis  of  an  investigation  and  develop  a 
prediction  and  a  hypothesis  that  are  consistent  with  the 
theoretical  basis 

212-6     design  an  experiment  and  identify  specific  variables 

212-7     formulate  operational  definitions  of  major  variables 

212-8     evaluate  and  select  appropriate  instruments  for  collecting  evidence 
and  appropriate  processes  for  problem  solving,  inquiring,  and 
decision  making 

2 1 2-9    develop  appropriate  sampling  procedures 


PERFORMING  AND  RECORDING 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  12 


General  learning  outcome 

213       conduct  investigations  into  relationships  between  and  among  observable  variables,  and  use  a  broad  range  of 
tools  and  techniques  to  gather  and  record  data  and  information 


Specific  learning  outcomes 

213-1     implement  appropriate  sampUng  procedures 

213-2     carry  out  procedures  controlling  the  major  variables  and  adapting 
or  extending  procedures  where  required 

213-3     use  instruments  effectively  and  accurately  for  collecting  data 

2 1 3-4    estimate  quantities 

213-5     compile  and  organize  data,  using  appropriate  formats  and  data 
treatments  to  facilitate  interpretation  of  the  data 

213-6     use  library  and  electronic  research  tools  to  collect  information  on 
a  given  topic 

213-7     select  and  integrate  information  from  various  print  and  electronic 
sources  or  from  several  parts  of  the  same  source 

213-8    select  and  use  apparatus  and  materials  safely 

213-9     demonstrate  a  knowledge  of  WHMIS  standards  by  selecting  and 
applying  proper  techniques  for  handhng  and  disposing  of  lab 


materials 


By  the  end  of  grade  12 

Learning  outcomes  by  grade  grouping 

■  10  to  12 

ANALYSING  AND  INTERPRETING 

 p 

SKILLS 

i  83 

It  is  expected  students  will...  ^^KKM 

General  learning  outcome 

214       analyse  data  and  apply  mathematical  and  conceptual  models  to  develop  and  assess  possible  explanations 


Specific  learning  outcomes 


214-1 
214-2 
214-3 

214-4 
214-5 
214-6 
214-7 
214-8 
214-9 
214-10 


describe  and  apply  classification  systems  and  nomenclatures  used 
in  the  sciences 

identify  hmitations  of  a  given  classification  system  and  identify 
idtemative  ways  of  classifying  to  accommodate  anomalies 

compile  and  display  evidence  and  information,  by  hand  or 
computer,  in  a  variety  of  formats,  including  diagrams,  flow  charts, 
tables,  graphs,  and  scatter  plots 

identify'  a  line  of  best  fit  on  a  scatter  plot  and  interpolate  or 
extrapolate  based  on  the  fine  of  best  fit 

interpret  patterns  and  trends  in  data,  and  infer  or  calculate  linear 
and  nonhnear  relationships  among  variables 

apply  and  assess  alternative  theoretical  models  for  interpreting 
knowledge  in  a  given  field 

compare  theoretical  and  empirical  values  and  account  for 
discrepancies 

evaluate  the  relevance,  reliability,  and  adequacy  of  data  and  data 
collection  methods 


214-1 3  identify  and  correct  practical  problems  in  the  way  a  technological 
device  or  system  functions 

214-14  construct  and  test  a  prototype  of  a  device  or  system  and  troubleshoot 
problems  as  they  arise 

214-15  propose  alternative  solutions  to  a  given  practical  problem,  identify 
the  potential  strengths  and  weaknesses  of  each,  and  select  one  as 
the  basis  for  a  plan 

214-16  evaluate  a  personally  designed  and  constructed  device  on  the 
basis  of  criteria  they  have  developed  themselves 

214-17  identify  new  questions  or  problems  that  arise  from  what  was  learned 

214-18  identify  and  evaluate  potential  appUcations  of  findings 


identify  and  apply  criteria,  including  the  presence  of  bias, 
for  evaluating  evidence  and  sources  of  information 

identify  and  explain  sourcc*s  of  error  and  uncertainty  in  measurement 
and  express  results  in  a  form  that  acknowledges  the  degree  of 
uncertainty 

214-1 1   provide  a  statement  that  addresses  the  problem  or  answers  the 
question  investigated  in  fight  of  the  link  between  data  and  the 
conclusion 

214-12  explain  how  data  support  or  refute  the  hypothesis  or  prediction 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  12 


COMMUNICATION  AND  TEAMWORK 


84 


General  learning  outcome 

215       work  as  a  member  of  a  team  in  addressing  problems,  and  apply  the  skills  and  conventions  of  science 
in  communicating  information  and  ideas  and  in  assessing  results 


Specific  learning  outcomes 

215-1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret, 
understand,  support,  and  respond  to  the  ideas  of  others 

21 5-2     select  and  use  appropriate  numeric,  symbolic,  graphical,  and 
linguistic  modes  of  representation  to  communicate  ideas,  plans, 
and  results 

215-3     synthesize  information  from  multiple  sources  or  from  complex 
and  lengthy  texts  and  make  inferences  based  on  this  information 

21 5-4     identify  multiple  perspectives  that  influence  a  science- related 
decision  or  issue 

215-5     develop,  present,  and  defend  a  position  or  course  of  action, 
based  on  findings 

21 5-6    work  cooperatively  with  team  members  to  develop  and  carry  out 
a  plan,  and  troubleshoot  problems  as  they  arise 

21 5-7     evaluate  individual  and  group  processes  used  in  planning, 

problem  solving  and  decision  making,  and  completing  a  task 


By  the  end  of  grade  12 


General  learning  outcome 

313       compare  and  contrast  the  reproduction  and  development  of  representative  organisms 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


KNOWLEDGE 

It  is  expected  students  will... 


Specific  learning  outcomes 

313-1     analyse  and  explain  the  life  cycle  of  a  representative  organism 
from  each  kingdom,  including  a  representative  virus 

313-2     describe  in  detail  mitosis  and  meiosis 

313-3     analyse  and  describe  the  structure  and  function  of  female  and 
male  mammalian  reproductive  systems 

3 1 3-4    explain  the  human  reproductive  cycle 

313-5     explain  current  reproductive  technologies  for  plants  and  animals 

3 1 3-6    evaluate  the  use  of  reproductive  technologies  for  humans 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


LIFE  SCIENCE 


86 


General  learning  outcome 

314       determine  how  cells  use  matter  and  energy  to  maintain  organization  necessary  for  life 


Specific  learning  outcomes 

314-1     identify  chemical  elements  and  compounds  that  are  commonly 
found  in  Uving  systems 

314-2     identify  the  role  of  some  compounds,  such  as  water, 
glucose,  and  ATP,  commonly  found  in  living  systems 

314-3  identify  and  describe  the  structure  and  function  of  important 
biochemical  compounds,  including  carbohydrates,  proteins, 
hpids,  and  nucleic  acids 

314-4    explain  the  critical  role  of  enzymes  in  cellular  metabohsm 

314-5     explain  the  cell  theory 

314-6     describe  cell  organelles  visible  with  the  hght  and  electron 

microscopes 

314-7     compare  and  contrast  different  types  of  procaryotic  and 
eucaryotic  cells 

314-8     describe  how  organelles  manage  various  cell  processes  such  as 
ingestion,  digestion,  transportation,  and  excretion 

314-9     compare  and  contrast  matter  and  energy  transformations  associated 
with  the  processes  of  photosynthesis  and  aerobic  respiration 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


KNOWLEDGE 

It  is  expected  students  will... 


General  learning  outcome 

315       demonstrate  an  understanding  of  the  structure  and  function  of  genetic  material 


Specific  learning  outcomes 

315-1     summarize  the  main  scientific  discoveries  that  led  to  the  modem 
concept  of  the  gene 

315-2     describe  and  illustrate  the  roles  of  chromosomes  in  the  transmission 
of  hereditarv'  information  from  one  cell  to  another 

315-3     demonstrate  an  understanding  of  Mendehan  genetics,  including 
the  concepts  of  dominance,  co-dominance,  recessiveness,  and 
independent  assortment,  and  predict  the  outcome  of  various 
genetic  crosses 

315-4    compare  and  contrast  the  structures  of  DNA  and  RNA  and  explain 
their  roles  in  protein  synthesis 

315-5     explain  the  current  model  of  DNA  repHcation 

315-6     describe  factors  that  may  lead  to  mutations  in  a  cell's  genetic 
information 

315-7     predict  the  effects  of  mutations  on  protein  synthesis,  phenotypes, 
and  heredity 

315-8    explain  circumstances  that  lead  to  genetic  diseases 

315-9    demonstrate  an  understanding  of  genetic  engineering,  using  their 
knowledge  of  DNA 

315-10  explain  the  importance  of  the  Human  Genome  Project  and 
summarize  its  major  findings 


4 


10  to  12 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


mm 


General  learning  outcome 

316       analyse  the  patterns  and  products  of  evolution 


By  the  end  of  grade  12 


KNOWLEDGE 

It  is  expected  students  wii 


Specific  learning  outcomes 

316-1     describe  historical  and  cultural  contexts  that  have  changed 
evolutionary  concepts 

316-2  evaluate  current  evidence  that  supports  the  theory  of  evolution  and 
that  feeds  the  debate  on  graduahsm  and  punctuated  equilibrium 

316-3  analyse  evolutionary  mechanisms  such  as  natural  selection,  genetic 
variation,  genetic  drift,  artificial  selection,  and  biotechnology,  and 
their  effects  on  biodiversity  and  extinction 

316-4     outhne  evidence  and  arguments  pertaining  to  the  origin, 
development,  and  diversity  of  living  organisms  on  Earth 

316-5  use  organisms  found  in  a  local  or  regional  ecosystem  to  demonstrate 
an  understanding  of  fundamental  principles  of  taxonomy 

316-6  describe  the  anatomy  and  physiology  of  a  representative  organism 
from  each  kingdom,  including  a  representative  virus 


By  the  end  of  grade  1 


General  learning  outcome 

317       compare  and  contrast  mechanisms  used  by  organisms  to  maintain  homeostasis 


Specific  learning  outcomes 

317-1     explain  how  different  plant  and  animal  systems,  including  the 
vascular  and  nervous  systems,  help  maintain  homeostasis 

317-2     analyse  homoeostatic  phenomena  to  identify  the  feedback 
mechanisms  involved 

317-3     explain  the  importance  of  nutrition  and  fitness  to  the  maintenance 
of  homeostasis 

317-4    evaluate  the  impact  of  viral,  bacterial,  genetic,  and  environmental 
diseases  on  an  organism's  homeostasis 

317-5     evaluate,  considering  ethical  issues,  the  consequences  of  medical 
treatments  such  as  radiation  therapy  cosmetic  surgery,  and 
chemotherapy 

317-6    predict  the  impact  of  environmental  factors  such  as  allergens  on 
homeostasis  within  an  organism 

317-7     describe  how  the  use  of  prescription  and  nonprescription  drugs 
can  disrupt  or  help  maintain  homeostasis 

317-8    explain  how  behaviours  such  as  tropisms,  instinct,  and  learned 
behaviour  help  to  maintain  homeostasis 


Learning  outcomes  by  grade  grouping 


LIFE  SCIENCE 


89 


KNOWLEDGE 

It  is  expected  students  will... 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


LIFE  SCIENCE 


90 


General  leai  .   ^  .   . 

318       evaluate  relationships  that  affect  the  biodiversity  and  sustainabihty  of  hfe  within  the  biosphere 


Specific  learning  outcomes 

318-1     illustrate  the  cycling  of  matter  through  biotic  and  abiotic  components 
of  an  ecosystem  by  tracking  carbon,  nitrogen,  and  oxygen 

318-2     describe  the  mechanisms  of  bioaccumulation,  and  explain  its 

potential  impact  on  the  viability  and  diversity  of  consumers  at  all 
trophic  levels 

318-3     explain  why  ecosystems  with  similar  characteristics  can  exist  in 
different  geographical  locations 

318-4    explain  why  different  ecosystems  respond  differently  to  short-term 
stresses  and  long-term  changes 

318-5  explain  various  ways  in  which  natural  populations  are  kept  in 
equilibrium  and  relate  this  equilibrium  to  the  resource  Hmits 
of  an  ecosystem 

318-6    explain  how  the  biodiversity  of  an  ecosystem  contributes  to  its 

sustainabilitv 

318-7     compare  Canadian  biomes  in  terms  of  climate,  vegetation, 
physical  geography,  and  location 

3 1 8-8    describe  population  growth  and  explain  factors  that  influence 
population  growth 

318-9     analyse  interactions  within  and  between  populations 

318-1 0  evaluate  Earth  s  carrying  capacity,  considering  human 

population  growth  and  its  demands  on  natural  resources 

318-11   use  the  concept  of  the  energy  pyramid  to  explain  the  production, 
distribution,  and  use  of  food  resources 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


CHEMISTRY 


KNOWLEDGE 

It  is  expected  that  students  will... 


General  learning  outcome 

319       identify  and  explain  the  diversity  of  organic  compounds  and  their  impact  on  the  environment 


Specific  learning  outcomes 

319-1     name  and  write  formulas  for  some  common  ionic  and  molecular 
compounds,  using  the  periodic  table  and  a  Ust  of  ions 

319-2     classify  substances  as  acids,  bases,  or  salts,  based  on  their 
characteristics,  name,  and  formula 

319-3     illustrate,  using  chemical  formulas,  a  wide  variety  of  natural 
and  synthetic  compounds  that  contain  carbon 

3 1 9-4    explain  the  large  number  and  diversity  of  organic  compounds 
with  reference  to  the  unique  nature  of  the  carbon  atom 

319-5    write  the  formula  and  provide  the  lUPAC  name  for  a  variety  of 
organic  compounds 

3 1 9-6    define  isomers  and  illustrate  the  structural  formulas  for  a  variety 
of  organic  isomers 

319-7     classify  various  organic  compounds  by  determining  to  which  fam- 
ilies they  belong,  based  on  their  names  or  structures 

319-8    write  and  balance  chemical  equations  to  predict  the  reactions 
of  selected  organic  compounds 

3 1 9-9     describe  processes  of  polymerization  and  identify  some  important 
natural  and  synthetic  polymers 


Learning  outconnes  by  grade  grouping 


CHEMISTRY 


■Ml 


By  the  end  of  grade  12 


KNOWLEDGE 

s  expected  that  students  will... 


General  learning  outcome 

320       demonstrate  an  understanding  of  the  characteristics  and  interactions  of  acids  and  bases 


»  > 


Specific  learning  outcomes 

320- 1     describe  various  acid-base  definitions  up  to  the  Br0nsted-Lowry 
definition 

320-2     predict  products  of  acid-base  reactions 

320-3     compare  strong  and  weak  acids  and  bases  using  the  concept 
of  equihbrium 

320-4    calculate  the  pH  of  an  acid  or  a  base  given  its  concentration, 
and  vice  versa 

320-5     describe  the  interactions  between  H"*^  ions  and  OH'  ions  using 
Le  ChateUer's  principle 

320-6    determine  the  concentration  of  an  acid  or  base  solution  using 
stoichiometry 

320-7     explain  how  acid-base  indicators  function 


By  the  end  of  grade  12 


Learning  outconnes  by  grade  grouping 


CHEMISTRY 


93 


General  learning  outcome 

321       illustrate  and  explain  the  various  forces  that  hold  structures  together  at  the  molecular  level,  and  relate  the 
properties  of  matter  to  its  structure 


Specific  learning  outcomes 

321-1     represent  chemical  reactions  and  the  conservation  of  mass,  using 
molecular  models  and  balanced  symbolic  equations 

321-2     describe  how  neutrahzation  involves  tempering  the  effects  of  an 
acid  with  a  base  or  vice  versa 

321-3     illustrate  how  factors  such  as  heat,  concentration,  light,  and 
surface  area  can  affect  chemical  reactions 

321-4    illustrate  and  explain  the  formation  of  ionic,  covalent,  and 
metallic  bonds 

321-5    illustrate  and  explain  hydrogen  bonds  and  van  der  Waals'  forces 

321-6    write  and  name  the  formulas  of  ionic  and  molecular  compounds, 
following  simple  lUPAC  rules 

321-7    identify  and  describe  the  properties  of  ionic  and  molecular 
compounds  and  metalhc  substances 

321-8     describe  how  intermolecular  forces  account  for  the  properties 
of  ionic  and  molecular  compounds  and  metalhc  substances 

321-9     classify  ionic,  molecular,  and  metalhc  substances  according  to 
their  properties 

321-10  relate  the  properties  of  a  substance  to  its  structural  model 

321  - 1 1   explain  the  structural  model  of  a  substance  in  terms  of  the 
various  bonds  that  define  it 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


CHEMISTRY 


94 


i 


General  learning  outcome 

322       use  the  redox  theory  in  a  variety  of  contexts  related  to  electrochemistry 


Specific  learning  outcomes 

322- 1     define  oxidation  and  reduction  experimentally  and  theoretically 

322-2     write  and  balance  half  reactions  and  net  reactions 

322-3     compare  oxidation-reduction  reactions  with  other  kinds 
of  reactions 

322-4    ilUistrate  and  label  the  parts  of  electrochemical  and  electrolytic 
cells  and  explain  how  they  work 

322-5     predict  whether  oxidation-reduction  reactions  are  spontaneous 
based  on  their  reduction  potentials 

322-6     predict  the  voltage  of  various  electrochemical  cells 

322-7     compare  electrochemical  and  electrolytic  cells  in  terms  of  energy 
efficiency,  electron  flow/transfer,  and  chemical  change 

322-8    explain  the  processes  of  electrolysis  and  electroplating 

322-9     explain  how  electrical  energy  is  produced  in  a  hydrogen  fuel  cell 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


CHEMISTRY 


95 


General  learning  outcome 

323       develop  an  understanding  of  solutions  and  stoichiometry  in  a  variety  of  contexts 


Specific  learning  outcomes 

323-1     define  molar  mass  and  perform  mole-mass  interconversions 
for  pure  substances 

323-2     describe  the  process  of  dissolving,  using  concepts  of  intramolecu- 
lar and  intermolecular  forces 

323-3     define  the  concept  of  equilibrium  as  it  pertains  to  solutions 

323-4     explain  solubihty,  using  the  concept  of  equilibrium 

323-5     explain  how  different  factors  affect  solubility,  using  the  concept 
of  equihbrium 

323-6    determine  the  molar  solubihty  of  a  pure  substance  in  water 

323-7     explain  the  variations  in  the  solubihty  of  various  pure  substances, 
given  the  same  solvent 

323-8     use  the  solubihty  generalizations  to  predict  the  formation  of 
precipitates 

323-9    explain  the  effect  of  solutes  on  the  melting  point  of  sohd  water, 
using  intermolecular  forces 

323-1 0  identify  mole  ratios  of  reactants  and  products  from  balanced 
chemical  equations 

323-1 1   perform  stoichiometric  calculations  related  to  chemical  equations 

323-1 2  identify  various  stoichiometric  applications 

323-1 3  predict  how  the  yield  of  a  particular  chemical  process  can  be 


maximized 


96 


lOto  12 


Learning  outcomes  by  grade  grouping 


CHEMISTRY 


General  learning  outcome 

324       predict  and  explain  energy  transfers  in  chemical  reactions 


By  the  end  of  grade  12 


KNOWLEDGE 

is  expected  that  students  will.. 


Specific  learning  outcomes 

324-1     write  and  balance  chemical  equations  for  combustion  reactions 
of  alkanes 

324-2     define  endothermic  reaction,  exothermic  reaction,  specific  heat, 
enthalpy,  bond  energy,  heat  of  reaction,  and  molar  enthalpy 

324-3    calculate  and  compare  the  energy  involved  in  changes  of  state 
and  that  in  chemical  reactions 

324-4    calculate  the  changes  in  energy  of  various  chemical  reactions 
using  bond  energy,  heat  of  formation,  and  Hess's  law 

324-5     illustrate  changes  in  energy  of  various  chemical  reactions,  using 
potential  energy  diagrams 

324-5     determine  experimentally  the  changes  in  energy  of  various 
chemical  reactions 

324-7     compare  the  molar  enthalpies  of  several  combustion  reactions 

involving  organic  compounds 


\ 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


PHYSICS 


97 


General  learning  outcome 

325       analyse  and  describe  relationships  between  force  and  motion 


Specific  learning  outcomes 

325-1     describe  quantitatively  the  relationship  among  displacement,  time, 
and  velocity 

325-2     analyse  graphically  and  mathematically  the  relationship  among 
displacement,  velocity,  and  time 

325-3     distinguish  between  instantaneous  and  average  velocity 

325-4    describe  quantitatively  the  relationship  among  velocity,  time,  and 
acceleration 

325-5    use  vectors  to  represent  force,  velocity,  and  acceleration 

325-6     analyse  quantitatively  the  horizontal  and  vertical  motion  of 
a  projectile 


325-8    apply  Newton's  laws  of  motion  to  explain  inertia,  the  relationship 
between  force,  mass,  and  acceleration,  and  the  interaction  of 


325-9    analyse  quantitatively  the  relationships  among  force,  distance, 
and  work 


325- 1 0  analyse  quantitatively  the  relationships  among  work,  time, 
and  power 

325-1 1   analyse  quantitatively  two-dimensional  motion  in  a  horizontal 
plane  and  a  vertical  plane 

325-12  describe  uniform  circular  motion,  using  algebraic  and  vector 
analysis 

325- 1 3  explain  quantitatively  circular  motion,  using  Newton's  laws 


325 


7 


identify  the  frame  of  reference  for  a  given  motion 


forces  between  two  objects 


lOto  12 


Learning  outcomes  by  grade  grouping 


PHYSICS 


By  the  end  of  grade  12 


KNOWLEDGE 

It  is  expected  that  students  will... 

General  learning  outcome 

326 

analyse  interactions  within  systems,  using  the  laws  of  conservation  of  energy  and  momentum 

Specific  learning  outcomes 

326-1 

analyse  quantitatively  the  relationships  among  mass,  height, 
speed,  and  heat  energy,  using  the  law  of  conservation  of  energy 

326-2 

apply  quantitatively  Newton's  laws  of  motion  to  impulse  and 
momentum 

326-3 

apply  quantitively  the  laws  of  conservation  of  momentum  to 
one-  and  two-dimensional  coUisions  and  explosions 

326-4 

determine  which  laws  of  conservation  of  energy  or  momentum 
are  best  used  to  solve  particular  real-life  situations  involving 
elastic  and  inelastic  colHsions 

326-5 

describe  quantitatively  mechanical  energy  as  the  sum  of  kinetic 
and  potential  energies 

326-6 

analyse  quantitatively  problems  related  to  kinematics  and  dynamics 
using  the  mechanical  energy  concept 

326-7 

analyse  common  energy  transformation  situations  using  the 
work-energ}  theorem 

326-8 

determine  the  per  cent  efficiency  of  energy  transformations 

326-9 

apply  quantitatively  the  law  of  conservation  of  mass  and  energy, 
using  Einstein's  mass-energy  equivalence 

^1 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


PHYSICS 


KNOWLEDGE 

It  is  expected  that  students  will... 


99 


General  learning  outcome 

327       predict  and  explain  interactions  between  waves  and  with  matter,  using  the  characteristics  of  waves 


Specific  learning  outcomes 

327- 1     describe  the  characteristics  of  longitudinal  and  transverse  waves 

327-2     apply  the  wave  equation  to  explain  and  predict  the  behaviour 

of  waves 

327-3     explain  quantitatively  the  relationships  between  displacement, 
velocity^  time,  and  acceleration  for  simple  harmonic  motion 

327-4     explain  quantitatively  the  relationship  between  potential  and 
kinetic  energies  of  a  mass  in  simple  harmonic  motion 

327-5     compare  and  describe  the  properties  of  electromagnetic  radiation 
and  sound 

327-6    describe  how  sound  and  electromagnetic  radiation,  as  forms 
of  energy,  are  produced  and  transmitted 

327-7     apply  the  laws  of  reflection  and  the  laws  of  refraction  to  predict 
wave  behaviour 

327-8     explain  qualitatively  and  quantitalively  the  phenomena  of  wave 
interference,  diffraction,  reflection,  and  refraction,  and  the 
Doppler-Fizeau  effect 

327-9     describe  how  the  quantum  energy  concept  explains  black-body 
radiation  and  the  photoelectric  effect 

327- 1 0  explain  qualitatively  and  quantitatively  the  photoelectric  effect 

327- 1 1   summarize  the  evidence  for  the  wave  and  particle  models  of  Hght 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


PHYSICS 


100 


General  learning  outcome 

328       explain  the  fundamental  forces  of  nature,  using  the  characteristics  of  gravitational,  electric,  and  magnetic  fields 


Specific  learning  outcomes 

328-1     describe  gravitational,  electric,  and  magnetic  fields  as  regions 
of  space  that  affect  mass  and  charge 

328-2     describe  gravitational,  electric,  and  magnetic  fields  by  illustrating  the 
source  and  directions  of  the  hues  of  force 

328-3     describe  electric  fields  in  terms  of  like  and  unlike  charges, 
and  magnetic  fields  in  terms  of  poles 

328-4    compare  Newton's  universal  law  of  gravitation  and  Coulomb's  law, 
and  apply  both  laws  quantitatively 

328-5     analyse,  qualitatively  and  quantitatively,  the  forces  acting  on  a 

moving  charge  and  on  an  electric  current  in  a  uniform  magnetic 
field 

328-5     describe  the  magnetic  field  produced  by  current  in  both  a 
solenoid  and  a  long,  straight  conductor 

328-7     analyse,  qualitatively  and  quantitatively,  electromagnetic  induction 
by  both  a  changing  magnetic  flux  and  a  moving  conductor 

328-8     develop  and  compare  expressions  used  when  measuring  gravitational, 
electric,  and  magnetic  fields  and  forces 

328-9     compare  the  way  a  motor  and  a  generator  function,  using  the 
principles  of  electromagnetism 


By  the  end  of  grade  12 


Learning  outconnes  by  grade  grouping 


PHYSICS 


KNOWLEDGE 

It  is  expected  that  students  will... 


General  learning  outcome 

329       analyse  and  describe  different  means  of  energy  transmission  and  transformation 


Specific  learning  outcomes 

329- 1     explain  quantitatively  the  Compton  effect  and  the  de  Broglie 
hypothesis,  using  the  laws  of  mechanics,  the  conservation  of 
momentum,  and  the  nature  of  Ught 

329-2     explain  quantitatively  the  Bohr  atomic  model  as  a  synthesis 
of  classical  and  quantum  concepts 

329-3     explain  the  relationship  between  the  energy  levels  in  Bohr's 

model,  the  energy  difference  between  the  levels,  and  the  energy  of 
the  emitted  photons 

329-4    describe  the  products  of  radioactive  decay  and  the  characteristics 
of  alpha,  beta,  and  gamma  radiation 

329-5     describe  sources  of  radioactivity  in  the  natural  and  constructed 
environments 

329-6    compare  and  contrast  qualitatively  and  quantitatively  nuclear 
fission  and  fusion 

329-7     use  the  quantum  mechanical  model  to  explain  natural  luminous 

phenomena 


EARTH  AND  SPACE  SCIENCE 


Learning  outconnes  by  grade  grouping 


By  the  end  of  grade  12 


General  learning  outcome 

330       demonstrate  an  understanding  of  the  nature  and  diversity  of  energy  sources  and  matter  in  the  universe 


Specific  learning  outcomes 

330- 1     describe  theories  and  evaluate  the  Hmits  of  our  understanding 
of  Earth's  internal  structure 

330-2     classify  rocks  according  to  their  structure,  chemical  composition, 
and  method  of  formation 

330-3     classify  common  minerals  according  to  their  physical  and 
chemical  characteristics 

330-4    analyse  the  interactions  between  the  atmosphere  and  human 
activities 

330-5     describe  the  composition  and  structure  of  the  atmosphere 

330-6     describe  the  dominant  factors  that  produce  seasonal  weather 
phenomena 

330-7     describe  the  characteristics  of  Canada's  three  oceans 

330-8     describe  the  importance  of  minerals  and  mineral  exploration  at 
the  local,  provincial,  national,  and  global  levels 

330-9     describe  the  historical  evolution  of  extraction  and  of  the  use  of 
several  resources  obtained  from  the  lithosphere 

330- 1 0  describe  the  processes  and  technologies  involved  in  developing 
an  Earth  resource,  from  exploration  to  extraction  to  refining 

330-1 1   identify  factors  involved  in  responsibly  developing  Earth's 
resources 

330-1 2  use  appropriate  evidence  to  describe  the  geologic  history  of 
an  area 


By  the  end  of  grade  12 


Learning  outcomes  by  grade  grouping 


EARTH  AND  SPACE  SCIENCE 


KNOWLEDGE 

is  expected  that  students  will... 


103 


General  learning  outcome 

331       describe  and  predict  the  nature  and  effects  of  changes  to  terrestrial  systems 


Specific  learning  outcomes 

331-1     describe  and  explain  heat  transfer  within  the  water  cycle 

331-2  describe  and  explain  heat  transfer  in  the  hydrosphere  and 
atmosphere  and  its  effects  on  air  and  water  currents 

331-3     describe  how  the  hydrosphere  and  atmosphere  act  as  heat  sinks 
within  the  water  cycle 

331-4  describe  and  explain  the  effects  of  heat  transfer  within  the 
hydrosphere  and  atmosphere  on  the  development,  severity, 
and  movement  of  weather  systems 

331-5     analyse  meteorological  data  for  a  given  time  span  and  predict 

future  weather  conditions,  using  appropriate  methodologies  and 
technologies 

331-6    analyse  the  impact  of  external  factors  on  an  ecosystem 

331-7     describe  how  soil  composition  and  fertility  can  be  altered  and 
how  these  changes  could  affect  an  ecosystem 

331-8     describe  the  evidence  used  to  determine  the  age  of  Earth,  and  the 
historical  evolution  of  establishing  Earth's  chronology 

331-9     describe  methods  of  monitoring  and  predicting  earthquakes, 
volcanic  eruptions,  and  plate  interactions 


Learning  outcomes  by  grade  grouping 


By  the  end  of  grade  12 


EARTH  AND  SPACE  SCIENCE 


104 


General  learning  outcome 

332       demonstrate  an  understanding  of  the  relationships  among  systems  responsible  for  changes  to  Earth's  surface 


Specific  learning  outcomes 

332- 1     describe  interactions  of  components  of  the  hydrosphere, 
including  the  cryosphere 

332-2     analyse  energy  and  matter  transfer  in  the  water  cycle 

332-3     describe  major  interactions  among  the  hydrosphere,  Uthosphere, 
and  atmosphere 

332-4     illustrate  the  geologic  time  scale  and  compare  to  human  time 
scales 

332-5     compare  and  contrast  the  principles  of  uniformitarianism  and 
of  catastrophism  in  historical  geology 

332-6    explain  the  appropriate  applications  of  absolute  and  relative  dating 

332-7     describe  geological  evidence  that  suggests  life  forms,  cHmate, 
continental  positions,  and  Earth's  crust  have  changed  over  time 

332-8     analyse  evidence  for  plate  tectonics  theory 

332-9    relate  plate  tectonics  to  the  processes  that  change  Earth's  surface 


By  the  end  of  grade  12 


General  lean,. 


333 


describ(>  the  nature  of  space  and  its  components  and  the  history  of  the  obsenation  of 


space 


Specific  learning  outcomes 

333- 1     compare  and  contrast  a  variety  of  theories  for  the  origin  of  the 
universe 

333-2     describe  tools  and  methods  used  to  observe  and  measure  the 
universe 

333-3     identify  and  compare  various  components  of  the  universe 
333-4    compare  characteristics  of  various  galaxies 
333-5    describe  the  life  cycles  of  stars 

333-6     compare  the  composition  of  stars  at  different  stages  of  their 
life  cycles 


Learning  outcomes  by  grade  grouping 
EARTH  AND  SPACE  SCIENCE 


From  grade  10  through  grade  12 


106 


General  learning  outcomes 

436 

value  the  role  and  contribution  of  science  and  technology  in  our  understanding  of  phenomena  that  are 

direcdy  observable  and  those  that  are  not 

437 

appreciate  that  the  apphcations  of  science  and  technology  can  raise  ethical  dilemmas 

438 

value  the  contributions  to  scientific  and  technological  development  made  by  women  and  men  from 

many  societies  and  cultural  backgrounds 

439 

show  a  continuing  and  more  informed  curiosity  and  interest  in  science  and  science-related  issues 

440 

acquire,  with  interest  and  confidence,  additional  science  knowledge  and  skills,  using  a  variety  of  resources 

and  methods,  including  formal  research 

1 

consider  further  studies  and  careers  in  science-  and  technology-related  fields 

confidently  evaluate  evidence  and  consider  alternative  perspectives,  ideas,  and  explanations 

AA"^ 

use  factual  information  and  rational  explanations  when  analysing  and  evaluating 

AAA 

value  the  processes  for  drawing  conclusions 

445 

work  collaboratively  in  planning  and  carrying  out  investigations,  as  well  as  in  generating  and 

evaluating  ideas 

446 

have  a  sense  of  personal  and  shared  responsibilitv  for  nuuiiiuining  a  sustainable  environment 

447 

project  the  personal,  social,  and  environmental  consequences  of  proposed  action 

448 

want  to  take  action  for  maintaining  a  sustainable  environment 

449 

show  concern  for  safety  and  accept  the  need  for  rules  and  regulations 

450 

be  aware  of  the  direct  and  indirect  consequences  of  their  actions 

*  Because  of  the  nature  of  the  attitudes  foundation,  no  specific  learning  outcomes  have  been  identified. 


8.   Learning  outcomes  presented  by  grade 


K  to  3  learning  outcomes  by  grade 

•  K  to  3  general  learning  outcomes   109 

•  Kindergarten  specific  learning  outcomes   11- 

•  Grade  1  specific  learning  outcomes   i  i  ; 

•  Grade  2  specific  learning  outcomes 

•  Grade  3  specific  learning  outcomes  130 
4  to  6  learning  outcomes  by  grade 

•  4  to  6  general  learning  outcomes  1 39 

•  Grade  4  specific  learning  outcomes   l42 

•  Grade  5  specific  learning  outcomes   1 50 

•  Grade  6  specific  learning  outcomes  1 58 

7  to  9  learning  outcomes  by  grade 

•  7  to  9  general  learning  outcomes    16" 

•  Grade  7  specific  learning  outcomes   TO 

•  Grade  8  specific  learning  outcomes   178 

•  Grade  9  specific  learning  outcomes   186 

10  to  12  learning  outcomes  by  grade 

•  10  to  12  general  learning  outcomes    195 

•  Grade  10  specific  learning  outcomes    .200 

•  Grade  11-12  life  science  specific  learning  outcomes    208 

•  Grade  11-12  chemistry  specific  learning  outcomes   220 

•  Grade  11-12  physics  specific  learning  outcomes     232 

•  Grade  11-12  Earth  and  space  specific  learning  outcomes   242 


specific  learning  outcome  cluster  for  kindergarten 


Exploring  the  world  with  our  senses   112 

Specific  learning  outcome  clusters  for  grade  1 

Needs  and  characteristics  of  living  things   114 

Properties  of  objects  and  materials   Il6 

Materials  and  our  senses  .  .  .118 
Daily  and  seasonal  changes   120 

Specific  learning  outcome  clusters  for  grade  2 

Animal  growth  and  changes      122 

Liquids  and  solids    1 2 1 

Relative  position  and  motion   .   1 2() 

Air  and  water  in  the  environment    128 

Specific  learning  outcome  clusters  for  grade  3 

Plant  growth  and  change*  130 

Materials  and  structures  132 

Invisible  forces    13  i 

Exploring  soils    13() 


By  the  end  of  grade  3 


STSE/KNOWLEDGE 


It  is  expected  that  students  will 


1 00  investigate  objects  and  events  in  their  immediate  environment,  and  use  appropriate  language  to  develop 
understanding  and  to  communicate  results 

101  demonstrate  and  describe  ways  of  using  materials  and  tools  to  help  answer  science  questions  and 
to  solve  practical  problems 

1 02  describe  how  science  and  technology  affect  their  hves  and  those  of  people  and  other  living  things 
in  their  community' 

103  undertake  personal  actions  to  care  for  the  immediate  environment  and  contribute  to  responsible  group 
decisions 


Kto3 


SKILLS 

It  is  expected  that  students  will ... 


Initiating  and  planning 

200  ask  questions  about  objects  and  events  in  the  immediate  environment  and  develop  ideas  about  how 
those  questions  might  be  answered 

Performing  and  recording 

201  observe  and  explore  materials  and  events  in  the  immediate  environment  and  record  the  results 

Analysing  and  interpreting 

202  identify  patterns  and  order  in  objects  and  events  studied 

Communication  and  teamwork 

203  work  with  others  and  share  and  communicate  ideas  about  their  explorations 


Kto  3 


General  learning  outcomes 


Appreciation  of  science 


400       recognize  the  role  and  contribution  of  science  in  their 
understanding  of  the  world 

Evident  when  students^  for  example: 

-  give  examples  of  science  in  their  own  hves 

-  give  examples  of  how  objects  studied  and  investigations  done  in  class 
relate  to  the  outside  world 

-  recognize  that  scientific  ideas  help  us  to  explain  how  or  why  events 
occur 


From  kindergarten  through  grade  3 


ATTITUDES 

It  is  expected  that  students  will  be  encouraged  to... 


Interest  in  science 

401  show  interest  in  and  curiosity  about  objects  and  events  within 
the  immediate  environment 

402  wiUingly  observe,  question,  and  explore 

Evident  when  students,  for  example: 

-  ask  ''why"  and  "how"  questions  about  observable  events 

-  ask  many  questions  related  to  what  is  being  studied 

-  participate  in  show-and-tell  activities,  bnn^inq  objects  from  home 
or  sharing  a  story  or  an  observation 

-  ask  questions  about  what  scientists  do 

-  express  enjoyment  from  being  read  to  from  science  books 

-  seek  out  additional  information  from  hbrary  books  and  digital  discs 

-  express  enjoyment  in  sharing  science-related  information  gathered 
from  a  variety  of  sources,  including  discussions  with  family  members 
and  friends 

-  ask  to  use  additional  science  equipment  to  observe  objects  in  more 
detail 

-  express  the  desire  to  find  answers  by  exploring  and  conducting 
simple  experiments 


Scientific  inquiry 


403  consider  their  observations  and  their  own  ideas  when  drawing 
a  conclusion 

404  appreciate  the  importance  of  accuracy 

405  be  open-minded  in  their  explorations 

Evident  when  students,  for  example: 

-  raise  questions  about  the  world  around  them 

-  wiUingly  record  observations  in  a  given  format 

-  compare  results  of  an  experiment  with  other  classmates 

-  use  observations  to  draw  a  conclusion  or  verifs'  a  prediction 

-  take  the  time  to  measure  with  care 

-  willingly  explore  a  change  and  its  effects 

-  choose  to  follow  directions  when  they  complete  a  simple  investigation 

-  express  the  desire  to  find  answers  by  conducting  simple  experiments 


From  kinderga 


rten  through  grade  3 


Collaboration 


ATTITUDES 

It  is  expected  that  students  will  be  encouraged  to.. 


406       work  with  others  in  exploring  and  investigating 

Evident  when  students,  for  example: 

-  wilhngly  share  ideas  and  materials 

-  respond  positively  to  others'  questions  and  ideas 

-  take  on  and  fulfil  a  variety  of  roles  within  the  group 

-  participate  in  science-related  activities  with  others,  regardless  of  their 
age  or  their  physical  or  cultural  characteristics 

-  respond  positively  to  other  people's  views  of  the  world 


Stewardship 


407       be  sensitive  to  the  needs  of  other  people,  other  livini^  thini^s. 
and  the  local  environment 

Evident  when  students,  for  example: 

-  ensure  that  hving  things  are  returned  to  an  adequate  environment 
after  a  study  is  completed 

-  demonstrate  awareness  of  the  need  for  recychng  and  wiUingness 
to  do  something  about  it 

-  show  concern  for  other  students'  feehngs  or  needs 

-  care  for  hving  things  that  are  kept  in  their  classroom 

-  clean  reusable  materials  and  store  them  in  a  safe  place 

-  willingly  suggest  how  we  can  protect  the  environment 


General  learning  outcomes 


Kto3 


Safety 


408       show  concern  for  their  safety  and  that  of  others  in  carrying  out 
activities  and  using  materials 

Evident  when  students,  for  example: 

-  are  attentive  to  the  safe  use  of  materials 

-  insist  that  classmates  use  materials  safely 

-  act  with  caution  in  touching  or  smeUing  unfamihar  materials,  refrain 
from  tasting  them,  and  encourage  others  to  be  cautious 

-  point  out  to  others  simple  and  famihar  safety  symbols 

-  put  materials  back  where  they  belong 

-  follow  given  directions  for  set-up,  use,  and  clean-up  of  materials 

-  wash  hands  before  and  after  using  materials,  as  directed  by  teacher 

-  seek  assistance  immediately  for  any  first  aid  concerns  like  cuts, 
burns,  and  unusual  reactions 

-  keep  the  work  station  uncluttered,  with  only  appropriate  materials 
present 


K 


Specific  learning  outconnes 


Exp 


S  T  S  E  /  K  N  O  W  L  E  D  G  E 

It  is  expected  that  students  will... 


100-1     develop  vocabulary  and  use  language  to  bring  meaning  to  what  is  seen,  felt,  smelled,  heard,  tasted,  and 
thought  (e.g.,  obsen^  and  describe  their  sensor}^  experiences  with  living  things,  objects,  and  materials; 
observe  and  describe  similarities  and  differences  in  living  things,  objects,  and  materials) 

100-2     explore  and  select  different  ways  to  represent  ideas,  actions,  and  experiences  and  to  communicate  with 
others  (e.g.,  experiment  with  and  choose  pictures,  diagrams,  or  symbols  to  represent  ideas,  actions, 
and  experiences  in  their  environment) 

100-  3    detect  consistency  and  pattern  in  objects  and  events  and  use  language  to  describe  these  patterns 

(e.g.,  explore  sound  patterns  through  listening,  singing,  and  speaking  activities;  explore  visual 
patterns  by  obsennng  their  surroundings;  recognize  patterns  that  are  found  in  recurring  events  and 
in  ways  that  things  change) 

101-  1     explore  how  characteristics  of  materials  may  change  as  a  result  of  manipulating  them  (e.g.,  initiate  and 

describe  actions  that  involve  moving,  mixing,  and  manipulating  materials;  observe  and  describe  in 
general  terms  changes  in  size,  shape,  and  number  and  characteristics  of  the  parts) 

101  -2     identify  and  explore  ways  to  use  tools  to  help  carry  out  a  variety  of  useful  tasks  (e.g.,  identify  processes 
used  for  joining  things,  such  as  stapling  and  hammering,  and  the  tools  used  in  these  processes; 
identify  tools  and  processes  used  in  cooking) 

103-1     choose  materials  to  build  a  variety  of  real  and  imaginary  settings,  and  play  roles  that  correspond  to  these 
settings  (e.g.,  create  real  and  imaginary  settings  using  manipulative  arut  tactile  materials,  and pla}' 
roles  appropriate  to  those  settings  by,  for  example,  miming  animals,  persons,  or  objects) 


1 


loring  the  world  with  our  senses 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  questions  about  a  balancing  toy) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g.,  try  different  ways  to  make  a  toy  balance 

and  tip  to  one  side  or  the  other) 

Performing  and  recording 

201-  1     follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,  follow  step-b)'-step  a  set 

of  instructions  for  moving  a  model  dog  in  and  around  a  doll  house) 

201  -2     manipulate  materials  purposefully  (e.g.,  use  boards  and  blocks  to  make  a  model) 

201  -4    observe,  using  one  or  a  combination  of  the  senses  (e.g.,  describe  a  mystery  object  they  can  feel 
but  not  see) 

Analysing  and  interpreting 

202-  1     use  personal  observations  when  asked  to  describe  characteristics  of  materials  and  objects  studied 

(e.g.,  describe  materials  they^  used  in  making  a  model) 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes 

(e.g.,  arrange  a  set  of  toys  from  largest  to  smallest) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  indicate  a  problem 

encountered  in  a  building  task) 

203-2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand 
(e.g.,  describe  an  encounter  between  two  animals) 

203-4     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  and  contributions 
(e.g.,  use  building  materials  offered  by  another  student  in  making  a  model) 


Exploring  the  world  with  our  senses 


Specific  learning  outcomes 


ILLUSTRATIVE  EXAMPLE 


Children  have  a  natural  curiosity  about  their  surroundings  —  a  desire  to  explore  and  investigate,  see  inside  things, 
find  out  how  things  work,  and  find  answers  to  their  questions.  In  a  learning  environment  rich  in  materials  to  explore, 
and  with  appropriate  support  and  guidance,  students  can  be  led  to  develop  confidence  in  manipulating,  exploring, 
and  creating  with  a  variety  of  materials.  In  the  process,  they  learn  to  bring  focus  to  their  activities,  develop  language 
to  express  and  enlarge  upon  their  experience,  and  develop  understandings  about  materials  and  their  use. 

Exploration 

Students  manipulate  and  explore  materials  at  activity  centres. 

-  Students  explore  a  sand  table  and  try  different  ways  to  move  a  variety  of  objects  over  the  sand  and  through  the  sand. 

The  above  exploration  may  lead  to  the  following  question: 

What  can  we  do  with  these  materials  and  what  can  we  find  out  while  using  them? 

Development 

Students  engage  in  focussed  activities  with  particular  questions  or  problems  to  investigate. 

-  Students  investigate  ways  to  move  sand  and  to  make  a  flat  surface  hke  a  road  or  a  yard. 

Application 

Students  use  materials  in  more  elaborate  explorations. 

-  Students  make  a  road  or  pathway  through  the  sand,  and  use  blocks,  figurines,  model  buildings,  miniature 
vehicles,  or  other  materials  to  represent  various  human  activities. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knowledge:  100-2,  101-1 

-  Skills:  201-2,  201-4 

-  AtUtudes:401,402 


I 


GRADE  1 


Specific  learning  outcomes 


LIFE  SCIENCE 


Needs 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-4     obsene  and  identify  similarities  and  differences  in  the  needs  of  living  things  (e.g.,  obsewe  living  things 
through  direct  experience  and  visual  media,  and  identify  similarities  and  differences  in  their  needs 
for  food,  water,  and  particular  habitats;  compare  their  own  needs  to  those  of  other  animals) 

1 00-5     describe  different  ways  that  plants  and  animals  meet  their  needs  (e.g.,  describe  ways  that  different 
animals  adapt  to  changes  in  temperature:  describe  homes  and  habitats  of  some  local  plants  and 
animals;  identify  similarities  and  differences  in  the  ways  different  animals  get  their  food  and  protect 
themselves  from  danger) 

100-6     describe  ways  that  humans  use  their  knowledge  of  hving  things  in  meeting  their  own  needs  and  the  needs 
of  plants  and  animals  (e.g.,  describe  methods,  materials,  and  tools  used  in  caring  for  plants  and  animals; 
identify  local  animals  and  plants  that  are  normally  raised  by  humans  and  those  that  are  not) 

100-7  describe  the  different  ways  that  humans  and  other  living  things  move  to  meet  their  needs  (e.g.,  describe 
how  birds  use  their  wings  to  fly  in  order  to  catch  insects;  describe  ways  that  people  adapt  to  physical 
challenges  through  learning,  use  of  technology,  and  support  of  the  community) 

100-8     identify  and  describe  common  characteristics  of  humans  and  other  animals,  and  identify  variations  that 
make  each  person  and  animal  unique  (e.g.,  describe  ways  in  which  young  animals  are  similar  to  and 
different  from  their  parents) 

103-2     recogni/.e  that  humans  and  other  living  things  depend  on  their  environment,  and  identify  personal  actions 
that  can  contribute  to  a  healthy  environment  (e.g.,  describe  how  the  environment  —  both  indoor  and 
outdoor  —  is  important  to  their  well-being;  describe  ways  that  humans  might  help  or  harm  other 
living  things) 


and  characteristics  of  living  things 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200- 1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  questions  about  the  shape  and  number 
of  legs  animals  have  and  how  they  move) 

200-  3    make  predictions  based  on  an  observed  pattern  (e.g.,  predict  the  movements  of  an  animal  based  on 

previous  observations) 

Performing  and  recording 

201-  5    make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  record  the  number  of  legs  of  different  kinds  of  mammals  and  insects) 

201-  7     identify  and  use  a  variety  of  sources  of  science  information  and  ideas  (e.g.,  use  picture  books,  models, 

and  obsen^ations  of  animals  and  plants  in  the  local  area) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  group 

a  series  of pictures  of  animals  by^  the  number  of  legs  they  hat^  or  by  whether  or  not  they  have  wings) 

202-8     compare  and  evaluate  personally  constructed  objects  with  respect  to  their  form  and  function  (e.g.,  build 
a  model  of  an  animal  and  indicate  how  their  model  is  similar  to  or  different  from  those  of  ot/jers) 

202-  9    identify  new  questions  that  arise  from  what  was  learned  (e.g.,  ask  why  some  insects  can  walk  up  walls 

or  walk  on  water) 

Communication  and  teamwork 

203-  2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand 

(e.g.,  use  words  such  as  ''body",  ''legs",  "wings",  and  'feelers"  to  describe  parts  of  an  insect) 

203-4     respond  to  the  ideas  and  actions  of  others  in  constructing  their  own  understanding  (e.g.,  listen  and 
respond  to  another  student  \  description  of  an  animal) 


Needs  and  characteristics  of  living  things 

Specific  learning  outconnes 

GRADE  1 

 LIFE  SCIENCE 

ILLUSTRATIVE  EXAMPLE 

115 

Students  at  this  level  are  interested  in  a  wide  variety  of  living  things,  including  those  found  in  their  local  environments 
and  ones  from  afar.  A  study  of  hving  things  provides  an  opportunity  for  students  to  discover  the  many  different 
forms  life  takes.  Students  can  observe  similarities  and  differences  and  develop  an  understanding  of  the  general 
characteristics  of  hving  things.  Through  this  study,  students  also  become  aware  that  all  living  things  —  including 
themselves  —  have  needs.  They  discover  that  the  needs  of  organisms  are  often  similar,  but  that  the  particular  needs 
of  individual  organisms  may  be  unique. 

Exploration 

Students  observe  and  become  aware  of  a  variety  of  hving  things  and  their  surroundings. 

-  Students  observe  living  things,  both  directly  and  through  print  and  visual  media. 

-  Students  observe  pairs  of  organisms  and  identify  characteristics  that  are  similar  and  characteristics  that  are 
different. 

The  above  exploration  may  lead  to  the  following  question: 
How  do  these  animals  and  plants  meet  their  needs? 

Development 

Students  investigate  the  characteristics  and  needs  of  Hving  things. 

-  Students  investigate  and  identify  foods  for  different  animals. 

-  Students  observe  and  describe  ways  that  plants  meet  their  needs  for  water,  space,  and  Ught. 
Application 

Students  develop  a  product  or  presentation  that  demonstrates  care  of  living  things. 

-  Students  develop  a  picture  of  an  animal,  identify  its  needs,  and  describe  how  its  needs  are  met. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSFTKnowledge:  100-4,  100-5,  100-6,  100-7 

-  Skills:  200-1,  201-5,  203-2 

-  Attitudes:  401,  402,  407 


I 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


Pro 


S  T  S  E  /  K  N  O  W  L  E  D  G  E 

It  is  expected  that  students  will... 


100- 1 2  observe  objects  and  materials  and  describe  their  similarities  and  differences  (e.g.,  compare  the  properties 
of  objects  the)'  and  others  have  constructed;  investigate  a  variety  of  materials  and  describe  the 
different  forms  they^  can  take) 

100-  1 3  compare  and  describe  the  components  of  some  familiar  objects  (e.g.,  describe  the  properties  of  the 

different  parts  of  a  pencil;  compare  corresponding  parts  of  different  types  of  chairs) 

101-  5     explore  and  describe  ways  to  create  useful  objects  by  combining  or  joining  different  components  or 

materials  (e.g.,  identify  objects  and  materials  that  are  useful  for  constructing  things;  obsen^e  that 
different  materials  have  different  characteristics  and  select  materials  according  to  a  given  need) 

102-  2     identify  objects  used,  how  they  are  used,  and  for  what  purpose  they  are  used  (e.g.,  identif'  and  describe 

how  some  tools  are  used  in  their  home;  investigate  and  explain  the  use  of  different  deinces  for  writing) 

103-  3     describe  and  demonstrate  ways  to  use  materials  appropriately  and  efficiently  to  the  benefit  of  themselves 

and  others  (e.g.,  select  the  amount  and  kind  of  materials  that  are  appropriate  to  a  given  task;  recognize 
and  demonstrate  appropriate  reuse  of  materials  in  daily  activities) 


perties  of  objects  and  materials 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-2     identify  problems  to  be  solved  (e.g.,  find  out  what  kinds  of  materials  pens  and  pencils  can  and 
cannot  mark) 

200-3     make  predictions,  based  on  an  observed  pattern  (e.g.,  predict  that  a  pat  will  not  mark  things  made  of 
plastic) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g.,  select  different  materials  to  test  if 

pens  will  mark  them) 

Performing  and  recording 

201-  1     follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,  follow  oral  directions 

for  making  a  useful  object  from  recyclable  materials) 

201-3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models 
(e.g.,  use  rec)^clable  materials  to  make  a  model  toy) 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  record  the  kinds  of  materials  whose  surface  can  easily  be  marked  with  a  pe?icil  or  a  pen) 

Analysing  and  interpreting 

202-  4    construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g.,  make  a  graph  using  piles  of 

blocks  to  shoiv  the  number  of  students  who  Ime  wooden  nders  and  the  number  who  haw  plmtic  nders) 

202-7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  obsemitions 
or  research  (eg,  describe  the  kinds  of  materials  tijey  could  write  on  and  t/xjse  tlmt  were  difficult  or 
impossible  to  write  on) 

202-  8    compare  and  evaluate  personidly  constructed  objects  with  respect  to  their  form  and  function  (e.g.,  evaluate 

a  pencil  case  that  they  have  constmcted  from  recyclable  materials) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  identify  ^nateriaLs 

on  which  students  believe  they  can  write  and  on  which  they  would  like  to  conduct  a  test) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(e.g.,  show  examples  of  materials  they  tested  and  indicate  which  ones  worked  best) 


Properties  of  objects  and  materials 


specific  learning  outcomes 


1^3 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


The  materials  and  objects  around  us  have  a  wide  variety  of  properties,  representing  the  rich  and  diverse  environments 
in  which  we  live.  Making  sense  of  this  diversity  requires  the  ability  to  make  distinctions,  including  distinctions  that 
are  largely  perceptual,  such  as  "which  material  is  the  softest?"  and  some  that  have  a  conceptual  element,  such  as 
"what  materials  are  used  to  make  this  object?"  Initially,  young  children  may  not  make  a  clear  distinction  between 
object  and  materials.  Through  guided  activities,  students  can  discover  that  objects  may  be  made  of  several  materials, 
each  with  its  own  properties.  Students  can  also  discover  that  the  selection  of  materials  is  related  to  the  purpose  of 
the  object. 

Exploration 

Students  explore  a  variety  of  different  objects  and  materials. 

-  Students  explore  sets  of  similar  objects  that  are  made  of  different  materials. 

-  Students  explore  uses  of  the  same  material  in  different  objects. 

The  above  exploration  may  lead  to  the  following  question: 
What  materials  should  we  use  and  what  are  their  characteristics? 

Development 

Students  identify  commonalities  and  differences  in  materials  found  in  a  variety  of  objects. 

-  Students  examine  a  group  of  similar  objects  and  compare  the  materials  with  which  they  are  made. 

-  Students  build  model  tables  from  paper,  from  clay,  and  from  blocks,  and  subsequently  compare  tlie  various  models. 

Application 

Students  apply  their  understanding  of  materials  to  the  construction  of  useful  objects. 

-  Students  create  a  model  or  toy  from  a  variety  of  scrap  materials. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knowledge:  100-12,  100-13,  101-5 

-  Skills:  200-4,  203-1 

-  Attitudes:  401,  403,  405 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-9     identify  each  of  the  senses  and  demonstrate  how  each  one  helps  us  to  recognize,  describe,  and  safely 
use  a  variety  of  materials  (e.g.,  describe  how  colour  and  smell  help  them  recognize  whether  fruit  is 
healthy  or  bruised,  ripe  or  overripe:  describe  examples  of  noises  machines  make  that  tell  us  if 
repair  is  needed  or  if  a  machine  is  not  being  used  correctly) 

100-1 0  identify  attributes  of  materials  that  we  can  learn  to  recognize  through  each  of  our  senses  (e.g.,  compare 
sounds  using  words  such  as  "loud"  or  "soft, "  "high pitch"  or  "low pitch";  describe  tastes  as  sweet, 
sour,  salty,  bitter:  compare  textures  using  ivords  such  as  "hard"  or  "soft, "  "smooth"  or  "rough, " 
"sticky"  or  "not  sticky";  describe  appearance  in  terms  of  shape,  colour,  and  lustre) 

100-  1 1   demonstrate  ways  that  materials  can  be  changed  to  alter  their  smell  and  taste  (e.g.,  describe  changes 

in  the  taste  and  appearance  of  lemonade  when  different  amounts  of  sugar,  water,  and  lemon  are 
added:  compare  the  aroma  and  texture  of  food  at  different  temperatures,  with  different  spices, 
and  cooked  in  different  ways) 

101-  3     demonstrate  ways  we  can  use  materials  to  make  different  sounds  (e.g.,  demonstrate  and  describe 

changes  in  the  sound  of  a  plucked  elastic  band  as  it  is  stretched;  demonstrate  and  describe  the 
different  sounds  made  by  tapping  the  sides  of  glasses  filled  with  different  amounts  of  water) 

101-4  describe  ways  in  which  materials  can  be  changed  to  alter  their  appearance  and  texture  (e.g.,  demonstrate 
and  describe  ivays  of  changing  the  rough  surface  of  a  piece  of  wood,  such  as  by  sanding,  painting, 
or  waxing;  describe  ways  to  obtain  a  particular  shade  or  colour  by  mixing  two  or  more  paints) 


102-1 


create  a  product  that  is  functional  and  aesthetically  pleasing  to  the  user  by  safely  selecting,  combining, 
and  modifying  materials  (e.g.,  make  a  cover  or  case  for  some  objects;  make  a  musical  instrument) 


Materials  and  our  senses 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  how  an  instrument  can  make 
different  sounds) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g.,  select  and  use  a  rubber  band  to  make 

different  sounds) 

Performing  and  recording 

201-  1     follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,  follow  instructions 

to  make  lemonade) 

201-3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models 
(e.g.,  change  the  surface  of  an  object  so  it  feels  more  comfortable  to  the  hand) 

201-  8    follow  given  safety  procedures  and  rules  and  explain  why  they  are  needed  (e.g.,  avoid  tasting  unknown 

materials  and  explain  the  danger  to  their  health) 

Analysing  and  interpreting 

202-  2    place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  classify 

materials  into  groups  according  to  their  texture) 

202-4    construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g.,  after  tasting  various  types 
of  foods,  make  a  pictograph  shotving  the  number  of  foods  that  tasted  sweet,  or  sour,  or  salty) 

202-  7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 

or  research  (e.g.,  indicate  that  sounds  can  be  made  by  plucking,  blowing,  and  striking  things) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  ask  a  partner 

to  describe  an  object  that  can  be  seen  only  by  the  partner) 

203-2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand 
(e.g.,  communicate  their  sensory  experiences  of  texture,  smell,  taste,  shape,  and  colour) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  iuid  written  and  oral  descriptions 
(e.g.,  adopt  vocabulary  that  other  students  have  used  in  describing  the  texture  of  materials) 


Materials  and  our  senses 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Our  awareness  of  our  environment  —  and  the  many  materials  found  within  it  —  are  based  on  our  sensory  experiences. 
Through  the  wonders  of  our  senses,  we  can  recognize  things  that  may  be  good  to  eat,  things  that  may  pose  dangers, 
or  things  that  we  may  want  to  use.  Our  senses  are  immediate  and  automatic,  but  the  abihty  to  use  our  senses  safely 
and  effectively  involves  focus,  discernment,  awareness,  and  judgement.  Through  guided  experiences  that  require 
careful  and  critical  use  of  the  senses,  students  can  be  encouraged  to  refine  and  become  aware  of  their  skills  of 
observation. 

Exploration 

Students  explore  materials  that  provide  a  wide  range  of  sensory  experiences. 

-  Students  explore  a  variet\  of  materials  at  an  activity  centre,  including  materials  that  have  different  textures, 
colours,  and  odours. 

The  above  exploration  may  lead  to  the  following  questions: 

What  is  this  material  fike?  How  can  we  tell?  How  can  we  describe  it? 

Development 

Students  develop  vocabulary  to  describe  and  make  distinctions  between  materials  studied. 

-  Within  a  guided  situation,  students  describe  objects  they  are  prevented  from  seeing,  using  a  variety  of  senses 
other  than  sight. 

-  Students  describe  a  particular  material  so  that  it  can  be  recognized  by  other  students. 
Application 

Students  create  a  product  or  performance  to  share  a  senson  experience  with  classmates. 

-  Students  collaborate  in  using  a  variety  of  sound-producing  devices  to  produce  a  rhythmic  or  musical  presentation. 

-  Students  use  different  papers,  plastics,  cloth  scraps,  or  other  materials  as  parts  of  a  collage. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knowledge:  100-9,  101-3.  102-1 

-  Skills:  201-8,  203-1,203-2 

-  Attitudes:  401,  406,  408 


GRADE  i; 


Specific  learning  outconnes 


EARTH  AND  SPACE  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-1 4  describe  changes  in  heat  and  Hght  from  the  sun  (e.g.,  measure  and  compare  outdoor  temperatures 
and  other  weather  conditions  on  cloudy  and  sunny  days;  measure  and  describe  outdoor  temperature 
changes  at  different  times  of  the  day;  observe  and  describe  how  the  position  of  the  sun  influences 
the  length  and  position  of  shadows) 

101  -6    describe  ways  of  measuring  and  recording  environmental  changes  that  occur  in  daily  and  seasonal  cycles 
(e.g.,  investigate  and  describe  ways  of  measuring  daily  andseasoml  changes  in  light  and  tempera- 
ture: obsen^e  and  describe  changes  that  occur  in  a  cyclic  pattern,  and  relate  these  changes  to  the 
passage  of  time) 

102-3     observe  and  describe  changes  in  sunlight  and  describe  how  these  changes  affect  living  things 

(e.g.,  observe  and  describe  the  location  of  the  sun  in  the  sky  at  different  times  of  the  day;  describe 
changes  from  day  to  night  and  how  these  changes  affect  living  things) 

102-4     investigate  and  describe  changes  that  occur  on  a  daily  basis  in  the  characteristics,  behaviours,  and  location 
of  living  things  (e.g.,  describe  changes  in  their  own  activity  and  location  during  a  school  day; 
describe  daily  changes  in  the  activity  and  location  of  a  familiar  animal) 

102-  5     investigate  and  describe  changes  that  occur  in  seasonal  cycles  in  the  characteristics,  behaviours,  and 

location  of  living  things  (e.g.,  describe  changes  in  plants  that  occur  during  the  fall;  ideyitify  seeds  and 
other  structures  that  give  rise  to  new  growth  in  the  spring:  describe  seasonal  changes  in  the  activity 
and  location  of  animals) 

103-  4     investigate  and  describe  human  preparations  for  seasonal  changes  (e.g.,  investigate  and  describe 

characteristics  of  clothing  worn  in  different  seasons;  investigate  and  describe  features  of  buildings 
that  keep  us  warm  and  dry) 


I 


Dally  and  seasonal  changes 


SKILLS 

^  is  expected  that  students  will., 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  where  animals  go  during  the  night) 

200-  3     make  predictions  based  on  an  observed  pattern  (e.g.,  predict  that  some  animals  will  migrate  at 

particular  times  of  the  year) 

Performing  and  recording 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  make  a  chart  recording  the  number  of  birds  that  came  to  a  feeder  on  different  days) 

201  -8    follow  given  safety  procedures  and  rules  and  explain  why  they  are  needed  (e.g.,  explain  the  dangers 
of  not  being  properly  dressed  for  cold  weather) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  group 

pictures  by  season) 

202-7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on 
observations  or  research  (e.g.,  describe  some  pkwes  where  animals  are  found  in  winter) 

202-  9    identify  new  questions  that  arise  from  what  was  learned  (e.g.,  ask  how  animals  survive  the  cold) 
Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  share  ideas 

about  how  animals  sunnve  at  different  times  of  the  year) 

203-2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand  (e.g.,  use 
vocabulary  such  as  "buds, "  "flowers, "  "seeds, "  and  "leaves"  to  identif)^  seasonal  changes  in  plants) 


Daily  and  seasonal  changes 


Specific  learning  outcomes 


GRADE  1 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


In  observing  their  environment,  students  become  aware  of  things  that  change,  including  changes  in  physical  factors 
such  as  temperature,  wind,  or  Hght,  and  changes  in  plants  and  animals  found  near  their  home.  With  guidance, 
students  learn  that  changes  often  occur  in  cycles,  including  the  relatively  short  cycle  of  day  and  night  and  the  longer 
cycle  of  the  seasons.  Recognizing  these  patterns  prepares  students  to  discover  relationships  among  events  in  their 
environment,  and  between  the  environment  and  themselves. 

Exploration 

Students  observe  changes  in  the  environment. 

-  Students  observe  a  variety  of  pictures  that  show  different  times  of  day  or  different  seasons  of  the  year. 

-  Students  observe  media  portrayals  of  the  different  seasons. 

The  above  exploration  may  lead  to  the  following  questions: 

What  changes  from  day  to  night  and  from  season  to  season?  How  does  it  change? 

Development 

Students  describe  and  interpret  changes  in  their  own  environment. 

-  Students  observe  and  describe  changes  in  temperature  and  in  the  position  of  the  sun. 

-  Students  observe  a  local  plant  in  the  spring,  and  draw  pictures  that  show  how  it  changes  over  the  season. 

-  Students  describe  changes  in  a  tree  through  the  year. 

Application 

Students  study  changes  in  other  plants  and  animals,  and  create  products  that  show  what  they  have  learned. 

-  Using  a  variety  of  media  resources,  students  investigate  and  describe  seasonal  changes  in  plants  and  animals. 

-  Students  prepare  pictures  that  show  a  seasonal  activity. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSFTKnow ledge:  101-6,  102-3 

-  Skills:  200-3,  202-2 

-  Attitudes:  401,  403 


\ 


Specific  learning  outconnes 


LIFE  SCIENCE 


722 


S  T  S  E  /  K  N  O  W  L  E  D  G  E 


It  is  expected  that  students  will. 


100-1 5  compare  the  life  cycles  of  familiar  animals  and  classify  them  according  to  the  similarities  and  differences 
of  their  life  cycles  (e.g.,  compare  stages  in  the  life  cycle  of  a  bee,  a  beetle,  and  a  butterfly;  compare 
and  note  differences  in  the  life  cycle  of  a  guppy,  a  gerbil,  and  a  garter  snake) 

100-  1 6  describe  changes  in  humans  as  they  grow,  and  contrast  human  growth  to  that  of  other  organisms 

(e.g.,  measure  and  compare  the  length  of  their  feet,  hands,  and  arms  to  those  of  an  adult;  compare 
the  length  of  time  from  birth  to  adulthood for  humans  and  other  organisms) 

101-  7     observe  and  describe  changes  in  the  appearance  and  activity  of  an  organism  as  it  goes  through  its  life 

cycle  (e.g.,  draw  and  describe  the  stages  in  the  life  of  a  frog,  a  butterfly,  or  a  mealworm  beetle; 
describe  the  movements  and  feeding  behaviour  of  a  tadpole  and  the  way  it  reacts  to  different  things 
in  its  environment) 

102-  6     identify  constant  and  changing  traits  in  organisms  as  they  grow  and  develop  (e.g.,  identify  constant 

traits  such  as  eye  colour  and  number  of  arms  and  legs;  identif)'  changing  traits  such  as  height 
and  weight) 

102-  7     describe  features  of  natural  and  human-made  environments  that  support  the  health  and  growth  of  some 

familiar  animals  (e.g.,  identify  and  describe  features  of  a  frog's  environment  that  enMe  it  to  meet  its 
needs  at  different  stages  of  its  life  cycle;  replicate  and  care  for  a  life-supporting  environment  such 
as  an  aquarium  or  terrarium) 

1 03-  5     identify  the  basic  food  groups,  and  describe  actions  and  decisions  that  support  a  healthy  Hfestyle 

(e.g.,  describe  a  healthy  diet  for  daily  meals  and  snacks,  using  the  Canada  Food  Guide;  describe 
actions  that  reduce  the  spreading  of  germs;  identify  personal  behaviours,  such  as  attention  to 
clothing,  cleanliness,  exercise,  and  nutritional  choices,  that  help  maintain  good  health) 


Animal  growth  and  changes 


SKILLS 

expected  that  students  will... 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  what  caterpillars  eat) 
200-3     make  predictions,  based  on  an  observed  pattern  (e.g,  predict  that  caterpillars  eat  leaves) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g.,  select  and  use  a  jar  and  a  leafy 

branch  as  a  home  for  a  caterpillar) 

Performing  and  recording 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  observe  what  a  caterpillar  eats  and  determine  how  much  it  eats  in  a  day) 

201-  7    identify  and  use  a  variety  of  sources  of  science  information  and  ideas  (e.g.,  look  through  illustrated 

books  to  find  out  what  happens  after  a  caterpillar  builds  a  cocoon) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  sort 

a  set  of  animals  pictures  into  adults  and  non-adults) 

202-7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 
or  research  (e.g,  identify  foods  that  caterpillars  eat  and  do  not  eat) 

202-9    identify  new  questions  that  arise  from  what  was  learned  (e.g,,  ask  what  butterflies  eat) 
Communication  and  teamwork 


203-2 


203-3 


203-5 


identify'  common  objects  and  events,  using  terminology  and  language  that  others  understand 

(e.g,  describe  the  stages  in  the  life  of  a  butterjly  —  egg,  caterpillar  or  larva,  cocoon,  and  butterfly 

or  adult) 

communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(e.g,  explain,  using  a  model  constructed  of  modeling  clay  and  a  tree  branch,  how  a  caterpillar 
feeds) 

respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  and  contributions  (e.g.,  consider 
and  respond  to  other  students'  ideas  for  explaining  wl))^  a  caterpillar  is  not  eating) 


Animal  growth  and  changes 


specific  learning  outcomes 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


All  animals  grow  and  change  from  their  earliest  beginnings  until  they  reach  their  full  adult  condition.  The  form  and 
pattern  of  this  growth  distinguish  one  kind  of  animal  from  another  and  are  sources  of  interest  for  children  of  all  ages. 
Viewing  the  growth  and  development  of  an  individual  organism  can  be  a  powerful  learning  experience  for  the  young 
student,  especially  if  the  student  shares  responsibility  for  its  care.  In  the  example  below,  students  raise  a  butterfly 
from  caterpillar  to  adult.  The  growth  and  development  of  the  butterfly  is  then  compared  to  that  of  other  animals  and 
of  themselves,  and  opportunity  is  provided  for  children  to  identify  the  conditions  needed  to  support  healthy  growth. 

Exploration 

Students  explore  examples  of  change  in  animals. 

-  Students  draw  and  describe  some  young  animals  they  have  known. 

-  Students  describe  changes  in  familiar  animals,  and  explore  other  examples  of  change  by  examining  visual  materials 
in  books,  media,  and  electronic  resources. 

The  above  exploration  may  lead  to  the  following  question: 

How  does  this  animal  grow,  change,  and  respond  to  the  environment? 

Development 

Students  investigate  stages  in  animal  change  and  the  conditions  that  support  animal  growth. 

-  Students  assist  in  setting  up  and  maintaining  a  life-supporting  environment  for  a  caterpillar. 

-  Students  describe  and  record  the  caterpillar  s  appearance,  movements,  and  feeding  behavior. 

-  Students  compare  the  growth  and  changes  of  caterpiflars  to  those  of  other  insects  seen  in  media,  print, 
or  electronic  resources. 

Application 

Students  develop  a  presentation  or  product  that  depicts  the  development  or  care  of  an  animal. 

-  Students  prepare  a  hfe-history  chart  for  a  caterpillar  and  for  other  animals  they  know. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  foUowing  learning  outcomes: 

-  STSE/Knowledge:  101-7,  102-6 

-  Skills:  200-3,  200-4,  201-5,  203-3 

-  Attitudes:  401,  407 


GRADE  2 


Specific  learning  outconnes 


124\ 


PHYSICAL  SCIENCE 


S  T  S  E  /  K  N  O  W  L  E  D  G  E 

It  is  expected  that  students  will... 


1 00- 1 7  investigate  aiid  compare  properties  of  familiar  liquids  and  solids  (e.g.,  com/xire  the  texture  and  appearance 
of  solids  such  as  rocks,  pencils,  and  modeling  clay;  compare  properties  of  different  liquids  and  their 
droplets  when  placed  on  wax  paper) 

100-1 8  investigate  and  describe  the  interactions  of  familiar  liquids  and  solids  (e.g.,  investigate  and  describe  the 
interaction  of  liquids  with  different  surfaces,  powdered  solids,  and  other  liquids;  investigate  and 
describe  ways  of  changing  the  characteristics  of  liquids  and  solids) 

1 00- 1 9  identify  ways  to  use  a  variety  of  liquids  and  to  combine  solids  and  liquids  to  make  useful  materials 

(e.g.,  identify  liquids  used  in  the  home  and  describe  how  the)'  are  used;  investigate  and  describe 
how  to  make  paste  with  four  and  water  or  how  to  make  cookie  dough) 

100-20  investigate  changes  that  result  from  the  interaction  of  materials  and  describe  how  their  characteristics 
have  changed  (e.g.,  determine  that  melting  ice  changes  its  feel,  flow,  and  ability  to  interact  with 
other  materials,  and  recognize  that  the  changes  can  be  reversed:  discover  that  mixing  materials 
may  create  a  new  material  with  characteristics  that  are  different  from  the  original  components) 

100-2 1   demonstrate  an  understanding  of  sinking  and  floating  objects  by  solving  a  related  practical  problem 
(e.g.,  describe  and  demonstrate  ways  to  make  sinking  objects  float  and  floating  objects  sink; 
select  and  assemble  materials  so  the)'  will  float,  cany  a  load,  and  be  stable) 

102-  8     describe  and  demonstrate  ways  we  use  our  knowledge  of  solids  and  hquids  to  maintain  a  clean  and 

healthv  environment  (e.g.,  describe  ways  to  use  and  dispose  of  water;  describe  and  demonstrate  ways 
to  contain  and  store  materials  to  prevent  spilling  or  spoiling) 

103-  6     describe  the  characteristics  of  the  three  states  of  water  and  predict  changes  from  one  state  to  another 

( e.g. ,  predict  changes  that  will  occur  when  ice  or  water  is  heated  or  cooled  and  demonstrate  awareness 
that  these  changes  are  reversible;  compare  the  characteristics  of  ice,  water,  and  vapour) 


Liquids  and  solids 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  why  some  things  float  right-side-up 
and  some  turn  over) 

200-2     identify  problems  to  be  solved  (e.g.,  identif)^  the  need  to  make  a  model  boat  that  will  carry  a  given 
load) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g.,  select  pieces  of  wood  and  other 

construction  materials  to  build  a  model  boat) 

Performing  and  recording 

201-  3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models 

(e.g.,  use  a  plastic  tube  as  a  siphon) 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  use  a  chart  to  record  observations  about  solids  that  hold  water  and  those  that  do  not) 

201  -7     identify  and  use  a  variety  of  sources  of  science  information  and  ideas  (e.g.,  use  print  and  electronic 
resources  to  gather  information  about  different  kinds  of  boats) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  sequence 

a  set  ofmateriak  by  the  level  that  the)'  float  in  water) 

202-4     construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g,  prepare  a  solid-object 
pictograph  to  show  how  many  pennies  can  be  carried  by  different  shapes  of  tinfoil  boats) 

202-  8     compare  and  evaluate  personally  constructed  objects  with  respect  to  their  form  and  function  (e.g,  compare 

the  number  of  pennies  that  can  be  carried  b)^  tinfoil  boats  of  different  design ) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  explain  how 

the)^  plan  to  make  a  model  raft) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(e.g,  list  characteristics  of  different  materiaLs  they  have  studied) 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  mid  contributions  (e.g,  draw  on 
language  used  by  other  students  in  describing  their  obsenations) 


Liquids  and  solids 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 
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When  students  examine  materials  in  their  environment  they  become  aware  of  a  wide  array  of  similarities  and 
differences  in  their  properties:  the  way  they  look,  the  way  they  feel,  and  the  way  they  respond  to  environmental 
change.  Some  properties  are  common  to  many  materials  and  are  used  to  group  materials  into  broad  categories. 
Other  properties  are  important  for  distinguishing  individual  materials.  The  categories  of  Hquid  and  solid  provide 
one  way  for  students  to  organiz.e  their  understanding  of  materials.  This  understanding  is  extended  as  students 
investigate  ways  that  solids  and  liquids  interact,  and  learn  that  materials  can  have  both  a  solid  and  Hquid  phase. 


The  above  exploration  may  lead  to  the  following  questions: 

How  are  these  materials  alike  and  how  are  they  different?  How  do  they  interact? 

Development 

Students  investigate  particular  properties  and  interactions  of  sohds  and  hquids. 

-  Students  investigate  the  flow  rate  of  liciuid  droplets  down  a  slope,  and  their  absorbency  by  different  solid  materials. 

-  Students  investigate  the  use  of  different  materials  in  containing  a  liquid. 


Exploration 

Students  explore  the  properties  of  different  liquids  and  their  interaction  with  sohd  materials. 

-  Students  observe  objects  that  sink  and  float. 

-  Students  describe  the  appearance  of  different  Hquids'  droplets  placed  on  a  piece  of  wax  paper. 


r 


Application 


Students  make  a  useful  object  that  involves  solids  and  liquids. 
-  Students  make  a  boat  that  will  carry  a  load. 


This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knovvledge:  100-17,  100-21 

-  SkiHs:  200-1,  200-4,  202-8 

-  Attitudes:  402,  405,  408 


GRADE  2 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


S  T  S  E  /  K  N  O  W  L  E  D  G  E 

It  is  expected  that  students  will... 


100-22  describe  the  motion  of  an  object  in  terms  of  a  change  in  position  and  orientation  relative  to  other  objects 
(e.g.,  describe  a  change  in  position  using  langmge  such  as  "backumd"  or  forward, "  "upumd" 
or  "doumward, "  ''left"  or  ''right";  describe  a  turning  or  rolling  motion  and  predict  its  direction) 

100-23  describe  the  position  of  an  object  relative  to  other  objects  or  to  an  identified  space,  and  place  an  object 
in  an  identified  position  (e.g.,ft)llow  directions  such  as  "put  a  stone  in  the  aquarium  between  the 
filter  and  the  treasure  chest  ";  choose  symbols  such  as  arrows  to  represent  spatial  relationships) 

100-24  describe  the  position  of  objects  from  different  perspectives  (e.g.,  describe  the  position  of  an  object 

whm  ineived from  two  different  sides  or  from  one  side  and  then  from  abow:  describe  the  way  objects 
appear  to  move  when  viewed  from  a  playground  swing,  a  carousel,  or  a  moving  vehicle) 

100-25  investigate  and  describe  different  patterns  of  movement  and  identify  factors  that  affect  movement 

(e.g.,  describe  the  moimimt  of  objects  that  are  spinning,  sivinging,  bouncing,  rolling,  sliding,  inbrating, 
or  moving  in  a  straight  line;  investigate  the  movement  of  film  canisters  down  a  slope,  with  different 
materials  inside  them) 


Relative  position  and  motion 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  how  things  move) 
200-2     identify  problems  to  be  solved  (e.g.,  describe  where  an  object  is  and  how  it  is  moving) 

200-  3     make  predictions,  based  on  an  observed  pattern  (e.g.,  predict  how  an  object  will  move  and  where 

it  will  stop) 

Performing  and  recording 

201-  1     follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,  follow  oral  instructions 

in  moving  a  toy) 

201-  3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models  (e.g., 

make  a  toy  that  swings,  bounces,  or  goes  in  a  circle) 

Analysing  and  interpreting 

202-  7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 

or  research  (e.g.,  describe  and  demonstrate  how  objects  they  have  studied  can  move) 

202-8     compare  and  evaluate  personally  constructed  objects  with  respect  to  their  form  and  function  (e.g.,  compare 
different  methods  for  protecting  an  object  in  a  model  car  during  collisions) 

202-  9    identify  new  questions  that  arise  from  what  was  learned  (e.g.,  ask  tvhy  one  gets  dizz)^  when  spinning) 
Communication  and  teamwork 

203-  2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand  (e.g.,  move 

an  object  and  describe  its  moi^ment  so  that  another  stmient  wfx)  has  not  seen  it  mow  can  duplicate 
the  movement) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(eg,  draw  an  aquarium  and  use  a  dotted  line  or  gestures  to  show  the  pathway  of  a  swimming  fish) 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  and  contributions  (e.g.,  describe 
the  position  of  an  object  from  a  reference  point  suggested  by  another  student) 


Relative  position  and  motion 


Specific  learning  outcomes 


GRADE  2 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Moving  things  are  a  source  of  fascination  for  children  of  many  ages.  The  study  of  moving  things  offers  children  an 
opportunity  to  develop  a  sense  of  space,  orientation,  perspective,  and  relationship.  Through  observation  and  the  use 
of  specific  language,  students  develop  the  ability  to  describe  where  things  are  and  how  they  are  moving,  and  share 
their  experience  with  others. 

Exploration 

Students  examine  a  variety  of  toys  and  objects  that  move. 

-  Students  observe  and  describe  the  motion  of  a  variety  of  toys,  models,  and  devices,  such  as  tops,  spring-operated 
toys,  rubber  balls,  toy  heUcopters,  Venetian  bUnds,  and  pendulum  clocks. 

The  above  exploration  may  lead  to  the  following  questions: 
Where  is  it?  Where  is  it  going?  What  is  its  path? 

Development 

Students  observe  the  relative  position  and  movement  of  objects,  and  develop  their  skill  in  describing  them. 

-  Students  describe  the  position  and  motions  of  a  model  car,  using  a  plastic  figure  as  a  reference  point. 

-  Students  observe  the  motion  of  a  mealworm  in  a  metal  pan  and  describe  and  draw  a  path  it  followed. 

Application 

Students  create  a  product  or  presentation  that  demonstrates  an  understanding  of  relative  position  and  motion. 

-  Students  create  a  map  for  a  "buried  treasure,"  using  a  variety  of  reference  points  and  measures. 

-  Students  invent  a  device  that  moves,  and  develop  a  way  to  control  and  change  its  movement. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knowledge:  100-22,  100-23 

-  Skills:  200-2,  202-7 

-  Attitudes:  404,  407 
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GRADE  2 

Specific  learning  outconnes 

Air  and  water  in  the  environment 

|^H~^~~~~EARTH  AND  SPACE  SCIENCE 

STSE/KNOWLEDGE  SKILLS 

It  is  expected  that  students  will.,. 


100-26  observe  changes  in  air  conditions  in  indoor  and  outdoor  environments,  and  describe  and  interpret  these 
changes  (e.g.,  investigate  and  measure  changes  in  temperature  in  different  areas  of  the  classroom 
or  in  a  sunny  and  shaded  area;  observe  and  describe  changes  in  air  movement  resulting  from  heat- 
ing and  cooling) 

100-27  describe  changes  in  the  location,  amount,  and  form  of  moisture,  and  identify  conditions  that  can  affect 
these  changes  (e.g.,  obsen^e  and  describe  movement  of  moisture  over,  into,  and  through  materials; 
identify  conditions  that  would  affect  the  drying  of  clothes) 

102-9     identify  evidence  of  moisture  in  the  environment,  in  materials,  and  in  living  things  (e.g.,  obsen^e 

condensation  on  the  exterior  of  a  glass  of  cold  water;  identify  and  describe  different  forms  of 
precipitation;  observe  perspiration  on  their  skin  when  they  exercise) 

102-1 0  demonstrate  how  air,  a.s  a  substance  that  surrounds  us,  takes  up  space  and  is  felt  as  wind  when  it  moves 
(e.g.,  observe  and  describe  eindettce  of  moving  air;  design  and  create  a  deince  that  is  powered  by  wind) 

102-  1 1   identify  examples  of  water  in  the  environment  and  describe  ways  that  water  is  obtained,  distributed,  and 

used  (e.g.,  identify  sources  of  water  such  as  streams,  lakes,  and  wells;  recognize  that  water  is  part 
of  the  environment  and  that  how  waste  water  is  disposed  of  can  affect  the  health  of  living  things) 

103-  7     describe  the  effects  of  weather  and  ways  to  protect  things  under  different  conditions  (e.g.,  describe 

changes  in  things  that  result  from  heat,  cold,  or  dampness;  describe  and  demonstrate  ways  to  keep 
an  ice  cube  from  melting  for  several  hours) 

103-8     identify  the  importance  of  clean  water  for  humans,  and  suggest  ways  they  could  conserve  water  (e.g.,  record 
personal  use  of  water  in  daily  activities;  identify  situations  where  water  is  wasted  and  suggest  ways 
to  reduce  the  waste;  measure  the  water  from  a  dripping  tap  over  a  period  of  time  and  discuss  ways 
to  remedy  this  problem) 


It  is  expected  that  students  will.. 


Initiating  and  planning 

200- 1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  how  things  dr}') 

200-3     make  predictions,  based  on  an  observed  pattern  (e.g,  predict  that  things  dty  faster  in  warmer  conditions) 

200-  4    select  and  use  materials  to  carry  out  their  own  explorations  (e.g,  select  materials  to  test,  wet  them, 

and  select  a  ivarm  and  a  cool  location  in  which  to  place  them) 

Performing  and  recording 

201-  3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models  (e.g.,  use 

an  ej^edropper  to  transfer  water  from  one  location  to  another) 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  make  a  chart  to  show  how  much  water  is  absorbed  by  different  materials) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g,  classify 

or  order  materials  according  to  how  quickly  they  absorb  water) 

202-4    construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g,  make  a  pictograph  to  show 
how  many  drops  of juice  can  be  squeezed  from  different  kinds  of  fruit ) 

202-  7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 

or  research  (e.g,  identify  the  fruits  that  they  found  contained  the  most  juice) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g,  ask  other  students 

why  some  materials  do  not  dry  as  fast  as  others) 

203-2     identify  common  objects  and  events,  using  terminology^  and  language  that  others  understand 

(e.g,  describe  an  amount  of  water  using  an  SI  measure,  and  use  informal  measures  such  as  drops, 
spoonfuls,  and  cups) 

203-3  communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(e.g,  communicate,  using  pictures  and  a  brief  description,  tl)e  results  of  an  inwstigation  into  different 
ways  of  drying) 
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Air  and  water  in  the  environment 


Specific  learning  outcomes 


GRADE  2 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 

Air  and  water  are  all  around  us.  They  form  a  major  part  of  the  physical  environment  and  are  essential  materials 
for  life,  yet  our  awareness  of  them  is  often  incomplete.  Where  sohds  are  tangible  and  directly  measurable,  gases 
and  Hquids  are  sometimes  visible  only  through  their  effects.  The  focus  of  this  cluster  is  on  characteristics  of  these 
important  materials,  and  on  how  air  and  water  affect  us  in  daily  Hfe.  Through  investigations,  students  learn  about 
changes  and  interactions  of  air  and  water  when  they  are  heated  or  cooled,  and  about  their  movement  through  the 
environment.  In  the  process,  students  discover  that  water  is  important  to  us  in  many  ways.  Students  can  also  learn 
10  appreciaie  inai  mere  is  more  lo  ODiaimng  Lieaii  waier  man  simpi)  lunung  on  a  lap. 

cxpiordiion 

Students  observe  evidence  of  air  and  water  in  a  varietv'  of  things. 

-  Students  observe  water  droplets  that  form  at  the  top  and  sides  inside  a  sealed  container  in  which  there  is  some  water. 

-  Students  measure  the  temperature  in  various  parts  of  the  classroom  to  discover  some  warm  and  cold  places. 

The  above  exploration  may  lead  to  the  following  question: 
How  can  we  make  things  dry  or  wet? 

Development 

Students  investigate  the  response  of  water  to  a  variety  of  environmental  changes. 

-  Students  investigate  the  evaporation  of  water  sprayed  on  an  outside  widl  and  compare  the  time  it  takes  to  dry  for 
sunny  and  shaded  surfaces. 

-  Students  create  and  use  a  device  that  indicates  wind  speed. 

-  Students  record  their  personal  water  use. 

Application 

Students  describe  and  apply  ways  to  use  water  wisely. 

-  Students  develop  and  carry  out  a  plan  for  reducing  the  amount  of  water  they  use. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE/Knovvledge:  100-26,  102-9,  103-8 

-  Skills:  200-1,  201-5 

-  Attitudes:  402,  407 
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Specific  learning  outconnes 


LIFE  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-28  identify  and  describe  parts  of  plants  and  their  general  function  (e.g.,  compare  plants  in  local  areas 
and  identify'  their  similarities  and  differences;  describe  the  deDebprnent  and  function  of  fhu^ers  and 
seeds  and  identif)'  variations  in  their  size,  shape,  and  appearance) 

100-29  identify  and  investigate  life  needs  of  plants  and  describe  how  plants  are  affected  by  the  conditions  in 
which  they  grow  (e.g.,  describe  different  ways  plants  meet  their  needs  for  light,  water,  food,  and 
space  to  grow;  investigate  plants  in  the  local  area,  and  describe  variations  bettveen  plants  growing 
in  different  locations:  investigate  ways  to  grow  healthy  plants,  and  identify  conditions  that  favour 
their  growth) 

1 00-30  observe  and  describe  changes  that  occur  through  the  Ufe  cycle  of  a  flowering  plant  (e.g.,  investigate  and 
describe  the  sprouting  of  a  seed;  describe  the  development  of  a  plant  from  seed  to  floiver  to  maturity 
by  growing  a  variety  of  plants  throughout  the  year) 

1 02- 1 2  describe  ways  in  which  plants  are  important  to  Uving  things  and  the  environment  (e.g,  identify  plants 
used  to  proinde  homes  and  food  for  living  things;  describe  ways  in  which  plants  help  maintain  soil 
and  air  quality) 

1 02- 1 3  identify  parts  of  different  plants  that  provide  humans  with  useful  products,  and  describe  the  preparation  that 
is  required  to  obtain  these  products  and  how  our  supply  of  useful  plants  is  replenished  (e.g.,  investigate 
and  describe  different  ways  of  extracting  materials,  such  as  sources  of  sugar,  fibre,  or  colouring; 
describe  and  demonstrate  ways  plant  fibre  can  be  used  to  make  useful  materials  such  as  woven  mats, 
ropes,  and  homemade  paper) 


Plant  growth  and  changes 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

200-1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  why  some  plants  have  bright  flowers 
and  some  plants  do  not) 

200-  3     make  predictions,  based  on  an  observed  pattern  (e.g.,  predict  how  long  a  particular  plant  can  go 

without  water  before  its  leaves  start  to  droop) 

Performing  and  recording 

201-  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  observe  a  plant  carefully  to  see  how  a  flower  forms) 

201  -6    estimate  measurements  (e.g.,  estimate  the  height  of  a  plant) 

201  -8     follow  given  safety  procedures  and  rules  and  explain  why  they  are  needed  (e.g.,  use  information  sources 
to  identify  plants  that  are  suitable  for  growing  indoors) 

Analysing  and  interpreting 

202-  4    construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g.,  create  a  graph  that  shows 

the  number  of  trees  found  in  different  people's  yards) 

202-5    identify  and  suggest  explanations  for  patterns  and  discrepancies  in  observed  objects  and  events  (e.g.,  identify^ 
a  plant  that  seem  less  healthy  than  others) 

202-  6     distinguish  between  useful  and  not  useful  information  when  answering  a  science  question  (e.g.,  identify 

information  about  a  plant  that  is  important  if  one  is  going  to  grow  it  from  seed) 

Communication  and  teamwork 

203-  2     identif)  common  objects  and  events,  using  terminology  and  language  that  others  understand 

(e.g,  describe  the  size,  shape,  and  other  features  of  plants  and  their  parts) 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  and  contributions  (e.g,  learn 
ways  of  looking  after  plants  from  their  parents  or  other  adults  in  the  community) 


Plant  growth  and  changes 


Specific  learning  outcomes 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Careful  observation  of  the  natural  world  reveals  patterns  of  growth  —  how  plants  grow  and  respond  to  their  natural 
environment.  Students'  awareness  of  plants  begins  with  a  variety  of  informal  encounters  within  the  local  environment, 
but  their  deeper  understanding  grows  best  from  experience  in  planting,  nurturing,  and  observing  individual  plants 
over  an  extended  period  of  time.  Through  these  experiences,  students  come  to  recognize  the  link  between  themselves 
and  other  living  things,  and  appreciate  the  benefits  and  responsibihties  they  have  for  the  care  of  these  things. 

Exploration 

Students  examine  a  variety  of  plant  materials  and  observe  similarities  and  differences  in  their  overall  structure, 
and  their  intricate  detail. 

-  Students  observe  a  group  of  plants  from  the  local  area,  choose  two  plants  of  the  same  kind,  and  describe  all  the 
things  about  them  that  make  them  the  same.  Later,  students  describe  and  draw  some  features  of  an  individual 
plant  that  make  it  unique. 

The  above  exploration  may  lead  to  the  following  questions: 

How  do  tliese  plants  grow,  change,  and  respond  to  their  environment?  How  do  they  respond  to  the  care  that  we  provide? 
Development 

Students  care  for  one  or  more  small  plants  and  observe  changes  as  the  plants  grow. 

-  Students  plant  seeds  of  a  fast-growing  plant,  observe  and  record  the  seeds'  germination  and  the  development 
of  the  plants'  leaves,  flowers,  and  seeds. 

-  Students  compare  plant  growth  under  two  different  conditions  and  determine  which  condition  led  to  the 
healthiest  growth. 

Application 

Students  describe  or  demonstrate  methods  to  care  for  or  propagate  plants. 

-  Students  describe  and  explain  some  of  the  methods  used  to  raise  plants  in  local  gardens  or  farms. 

-  Students  describe  and  demonstrate  uses  for  different  parts  of  plants. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSFTKnowledge:  100-28,  100-29,  100-30 

-  Skills:  200-3,  202-5 

-  Attitudes:  401,  403,  408 


GRADE  3 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-  34  describe  the  properties  of  some  common  materials  and  evaluate  their  suitability  for  use  in  building  structures 

(e.g.,  ei^aluate  materials  best  suited  to  use  as  walls  in  a  model  building,  or  to  support  a  load;  make 
a  sample  'brick  "  from  locally  available  materials  and  test  its  strength) 

101-  9     test  the  strength  and  stabilit\  of  personally  built  structures,  and  identify  ways  of  modifying  a  structure 

to  increase  its  strength  and  stabilit)  (e.g.,  identify  and  evaluate  ways  to  strengthen  a  model  building, 
bridge,  or  other  structure  that  supports  a  load;  increase  the  stability  of  a  miniature  tower  or  a 
model  animal) 

101-1 0  use  appropriate  tools  in  safely  cutting,  shaping,  making  holes  through,  and  assembling  materials 
(e.g.,  responsibly  use  appropriate  tools  for  cutting  wood,  polystyrene,  and  plastic:  investigate 
the  use  of  different  ways  to  remove  roughness  from  a  surface) 

101-  1 1   investigate  ways  to  join  materials  and  identify  the  most  appropriate  methods  for  the  materials  to  be  joined 

(e.g.,  identify  and  evaluate  some  common  adhesive  materials:  ideyitify,  evaluate,  and  apply  ways  of 
joining  that  involve  the  overlapping  of  components,  the  insertion  of  one  component  into  another^ 
or  the  use  of  specialized  components  for  joining) 

1 02-  1 6  identify  shapes  that  are  part  of  natural  and  human-built  structures,  and  describe  ways  these  shapes  help 

provide  strength,  stabilitv;  or  balance  (e.g.,  identify  symmetr}'  in  plants,  animals,  and  things  they  build, 
and  identify  specific  shapes  that  are  an  important  part  of  the  structure  of  these  items;  examine 
human-built  structures  such  as  umbrellas,  stepladders,  bridges,  and  towers,  identify  shapes  within 
them,  and  describe  reasons  why  these  shapes  are  important  to  their  structure) 

1 02- 1 7  evaluate  simple  structures  to  determine  if  they  are  effective  and  safe,  if  they  make  efficient  use  of  materials, 
and  if  the\  are  appropriate  to  the  user  and  the  environment  (e.g.,  ei^aluate  a  model  chair  that  is  built 
for  a  specific  doll,  ideritify  the  amounts  and  kinds  of  materials  used,  and  evaluate  whether  using 
recycled  materials  or  reduced  amounts  of  materials  would  be  effective) 


Materials  and  structures 


If  ' 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

200-2     identify'  problems  to  be  solved  (e.g.,  identify  a  need  to  improve  the  stability  of  a  structure) 

200-  5    identify  materials  and  suggest  a  plan  for  how  they  will  be  used  (e.g.,  select  materials  and  tools  and 

dei^elop  a  plan  for  constructing  or  improving  a  model  structure) 

Performing  and  recording 

201-  1 

201-3 
201-6 


201-8 


follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,foUou^  a  set  of  step-by-step 
instructions  for  building  a  folded-paper  model) 

use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models  (e.g.,  use, 
with  guidance,  an  appropriate  tool  to  make  sure  that  a  surface  is  level) 

estimate  measurements  (e.g.,  estimate  the  length  of  a  structure,  given  a  measure  of  an  individual 
piece  of  the  structu  re) 

follow  given  safety  procedures  and  rules  and  explain  why  they  are  needed  (e.g.,  identify^  appropriate 
procedures  for  protecting  ey^esfrom  danger) 


Analysing  and  interpreting 

202-3     identify  the  most  useful  method  of  sorting  for  a  specific  purpose  (e.g.,  sort  a  set  of  construction  materials 
according  to  their  potential  use) 

202-5     identify  and  suggest  explanations  for  patterns  and  discrepancies  in  observed  objects  and  events 
(e.g.,  identify^  materials  or  parts  of  a  structure  that  failed  and  suggest  why) 

202-8    compare  and  evaluate  personally  constructed  objects  with  respect  to  their  form  and  fimction 
(e.g.,  et^aluate  a  model  bridge  for  a  set  of  model  cars) 

202-  9    identify  new  questions  that  arise  from  what  was  learned  (e.g.,  ask  why  some  buildings  have  sloped  roofs 

and  some  are  flat) 

Communication  and  teamwork 

203-  2     identify  common  objects  and  events,  using  terminology  and  language  that  others  understand 

(e.g.,  describe  the  structures  and  components  of  structures  they  have  built) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  wriuen  and  oral  descriptions 
(e.g.,  illustrate  their  construction  process,  using  drawing  with  explanations) 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideits  and  contributions  (e.g.,  use  ideas 
from  other  students  in  their  own  constructions) 


Materials  and  structures 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Students  learn  about  the  nature  of  materials,  not  just  by  observing  them  but,  more  importantly,  by  using 
them  —  sometimes  in  their  original  form  and  sometimes  as  things  the  students  themselves  construct.  The  focus 
for  students  is  on  building  things,  and  on  selecting  and  using  materials  to  fit  the  task  at  hand.  Students  learn  that 
the  strength  and  other  characteristics  of  structures  they  build  are  hnked  to  the  properties  of  the  materials  they  use, 
and  to  the  particular  way  the  materials  are  configured  and  joined. 

Exploration 

Students  explore  a  variety  of  construction  materials  and  structures. 

-  Students  look  through  print  materials,  media,  and  electronic  resources  to  view  different  ways  structures 
are  built. 

-  Students  observe,  describe,  and  compare  local  buildings  seen  on  a  neighbourhood  walk. 

-  Students  explore  different  construction  materials  and  ways  they  can  be  assembled  to  satisfy  a  given  purpose. 

The  above  exploration  may  lead  to  the  following  questions: 
How  shall  we  build  it?  What  materials  shall  we  use? 


Development 

Students  investigate  different  materials,  techniques,  and  designs. 

-  Students  build  structures  in  response  to  specific  needs  —  such  as  bridging  a  gap  between  two  desks  so  that 
a  model  car  can  go  from  one  desk  to  the  other 

-  Students  investigate  different  ways  of  joining  two  materials. 

-  Students  evaluate  structures  and  techniques  with  regard  to  their  effectiveness,  safety,  and  use  of  materials. 
Application 

Students  make  a  product  to  meet  a  given  need. 

-  Students  work  with  other  students  in  building  a  set  of  model  furniture  for  a  model  house. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STStTKnowledge:  100-34,  101-9,  101-11,  102-17 

-  Skills:  200-2,  200-5,  202-8 

-  Attitudes:  404,  405,  406,  408 


GRADE  3 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-3 1   investigate  to  identify  materials  that  can  be  magnetized  and  materials  that  are  attracted  by  magnets,  and 
distinguish  these  from  materials  that  are  not  affected  by  magnets  (e.g.,  investigate  the  effects  of 
magnets 

on  different  materials  and  classify  these  materials  as  magnetic  or  non-magnetic;  identify  materials 
that  can  be  placed  between  a  magnet  and  an  attracted  object  without  diminishing  the  strength  of 
the  attraction) 


100 


100 


101 


102 


102 


-32  investigate  the  polarity  of  a  magnet,  determine  the  orientation  of  its  poles,  and  demonstrate  that  opposite 
poles  attract  and  like  poles  repel  (e.g.,  investigate  and  identify  the  location  of  poles  on  bar  magnets, 
horseshoe  magnets,  and  different  kinds  of  refrigerator  magnets) 

-33  identify  conditions  that  affect  the  force  of  magnets  and  of  static  electric  materials  (e.g.,  investigate  and 
identify'  the  effect  of  intenening  materials:  identify  the  effects  of  moisture  on  charged  materials; 
describe  changes  in  magnetic  and  static  electric  forces  at  differen  t  distances) 

describe  and  demonstrate  ways  to  use  everyday  materials  to  produce  static  electric  charges,  and  describe 
how  charged  materials  interact  (e.g.,  identify  pairs  of  materials  that  produce  a  charge  when  rubbed 
together;  predict  and  describe  the  interaction  of  two  charged  objects) 

- 1 4  identify  familiar  uses  of  magnets  (e.g.,  identify  uses  of  magnets  for  holding  things  in  place  and 
picking  things  up;  explore  the  use  of  a  compass) 

■  1  5  describe  examples  of  the  effects  of  static  electricity  in  their  daily  lives,  and  identify  ways  in  which  static 
electricity  can  be  used  safely  or  avoided  (e.g.,  use  a  charged  sheet  of  plastic  to  pick  up  dust;  investigate 
different  ways  of  treating  materials  so  they  will  not  cling  when  rubbed  together) 


Invisible  forces 


SKILLS 

'  is  expected  that  students  will... 


Initiating  and  planning 

200-2     identify  problems  to  be  solved  (e.g.,  ask  how  they  could  prevent  paper  and  plastic  from  sticking 
together) 

200-3     make  predictions,  based  on  an  observed  pattern  (e.g.,  predict  that  there  would  be  no  static  charge 
if  materials  were  kept  damp) 

200-  5     identify  materials  and  suggest  a  plan  for  how^  they  will  be  used  (e.g.,  choose  materials  and  identify' 

a  method  to  make  and  keep  materials  damp) 

Performing  and  recording 

201-  1     follow  a  simple  procedure  where  instructions  are  given  one  step  at  a  time  (e.g.,  follow  a  procedure 

to  magnetize  a  needle  by  stroking  it  with  a  magnet) 

201 -  5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 

(e.g.,  measure  how  close  a  piece  of  tissue  paper  can  be  brought  to  a  charged  cloth  before  it  starts 
to  cling  to  it) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  group 

objects  by  whether  or  not  they  are  attracted  by  magnets) 

202-7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 
or  research  (e.g.,  indicate  their  findings  about  the  effect  of  moisture  on  static  electricity) 

202-8     compare  and  evaluate  personally  constructed  objects  with  respect  to  their  form  and  function  (e.g.,  et^aluate 
to)'s  that  they  have  created  and  that  use  magnets) 

202-  9    identify  new  questions  that  arise  from  what  was  learned  (e.g.,  ask  whether  there  are  other  types  of 

magnets  besides  those  already  studied) 

Communication  and  teamwork 

203-  3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 

(e.g.,  describe  the  methods  they  used  to  produce  static  electric  charges) 

203-5     respond  to  the  ideas  and  actions  of  others  and  acknowledge  their  ideas  and  contributions  (e.g.,  listen  to 
other  students  and  learn  from  their  descriptions  of  how  they  have  used  magnets) 


Invisible  forces 


Specific  learning  outcomes 


GRADE  3 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Some  forces  involve  direct  pushes  and  pulls,  where  a  surface  is  directly  contacted.  Others  involve  interaction  at  a 
distance.  The  intent  of  this  cluster  is  to  introduce  students  to  two  kinds  of  forces  that  can  act  between  objects,  where 
the  objects  need  not  be  touching  one  other.  Students  learn  that  magnetic  forces  and  static  electric  forces  both 
involve  attraction  and  repulsion,  but  have  different  origins  and  involve  different  kinds  of  materials.  Students  discover 
a  variety  of  ways  these  forces  can  be  appUed  or  can  affect  their  daily  Iffe. 

Exploration 

Students  explore  the  effects  of  magnetic  and  static  electric  forces. 

-  Students  explore  the  effects  of  magnets  on  a  variety  of  metals  and  non-metaUic  materials. 

-  Students  explore  the  effects  of  rubbing  different  materials  together  on  the  production  of  static  electric  forces. 

The  above  exploration  may  lead  to  the  following  questions: 

How  can  we  make  this  force  stronger  or  weaker?  How  can  we  use  it? 

Development 

Students  identify  conditions  that  affect  the  strength  of  forces. 

-  Students  investigate  the  effects  of  different  materials  inserted  between  a  magnet  and  a  paper  chp. 

-  Students  investigate  what  leads  to  static  electric  forces  of  attraction  and  what  leads  to  forces  of  repulsion. 

Application 

Students  apply  their  understanding  of  magnetism  or  static  electricity  to  a  practical  purpose. 

-  Students  invent  a  useful  device  or  toy  using  a  magnet  or  using  static  electricity. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSFTKnowledge:  100-31,  100-33,  101-8 

-  Skills:  200-2,  202-8 

-  Attitudes:  400,  401,404 


L 


GRADE  3 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STSE/KNOWLEDGE 

It  is  expected  that  students  will... 


100-35  investigate  and  describe  how  living  things  affect  and  are  affected  by  soils  (e.g.,  investigate  and  describe 
living  things  found  in  the  soil;  investigate  plant  roots  and  describe  how  the)'  spread  through  the  soil; 
investigate  and  describe  recycling  of  biological  materials  in  soils) 

100-36  explore  and  describe  a  variety  of  soils  and  find  similarities  and  differences  among  them  (e.g.,  compare 
and  describe  soils  from  many  locations;  compare  soil  at  the  surface  with  soil found  approximately 
30  centimeters  under  the  surface) 

1 00-3  7  investigate  and  describe  soil  components  (e.g.,  investigate  and  describe  ways  to  separate  soil  compo- 
nents; observe  and  describe  differences  in  sand,  clay,  humus,  and  other  components) 

100-38  compare  the  absorption  of  water  by  different  soils,  and  describe  the  effect  of  moisture  on  characteristics 
of  the  soils  (e.g.,  investigate  and  describe  changes  in  the  coherence  and  texture  of  soil  materials  as 
the)'  are  moistened  or  dried;  investigate  and  describe  the  effects  of  different  amounts  of  water  on 
the  ability  of  soil  materials  to  take  and  hold  a  given  shape) 

100-  39  observe  and  describe  the  effects  of  moving  water  on  different  soils  (e.g.,  describe  soil  materials  that 

move  readily  tvith  water  and  those  that  do  not;  observe  and  describe  patterns  in  soil  that  result 
from  running  water) 

101-  1 2  demonstrate  and  describe  ways  of  using  earth  materials  to  make  useful  objects  (e.g.,  explore  and 

demonstrate  ways  of  shaping  clay  to  make  bricks  or  beads;  describe  and  demonstrate  the  use 
of  local  soils  in  growing  indoor  plants) 


Exploring  soils 


SKILLS 

It  is  expected  that  students  \ 


Initiating  and  planning 

200- 1     ask  questions  that  lead  to  exploration  and  investigation  (e.g.,  ask  what  soil  is  made  of) 

200-  3     make  predictions,  based  on  an  observed  pattern  (e.g.,  predict  that  soil  has  bits  of  rock  and  sand) 

Performing  and  recording 

201-  3     use  appropriate  tools  for  manipulating  and  observing  materials  and  in  building  simple  models  (e.g.,  use 

a  magnifying  glass  to  look  for  sand,  rocks,  and  other  components  in  soil) 

201-5     make  and  record  relevant  observations  and  measurements,  using  written  language,  pictures,  and  charts 
(e.g.,  sieve  a  sample  of  soil,  describe  the  products,  and  compare  and  measure  their  volume) 

201-  7    identify  and  use  a  variety  of  sources  of  science  information  and  ideas  (e.g.,  use  books  and  electronic 

resources  to  gather  information  about  animals  that  live  in  the  soil) 

Analysing  and  interpreting 

202-  2     place  materials  and  objects  in  a  sequence  or  in  groups  according  to  one  or  more  attributes  (e.g.,  put 

containers  of  sieved  material  in  order  according  to  the  size  of  the  particles) 

202-4    construct  and  label  concrete-object  graphs,  pictographs,  or  bar  graphs  (e.g.,  produce  a  bar  graph  to 
show  the  amounts  of  material  found  after  sieving  some  soil) 

202-  7     propose  an  answer  to  an  initial  question  or  problem  and  draw  simple  conclusions  based  on  observations 

or  research  (e.g.,  describe  soil  composition  based  on  their  observations  and  research) 

Communication  and  teamwork 

203-  1     communicate  questions,  ideas,  and  intentions  while  conducting  their  explorations  (e.g.,  describe  a  way 

to  use  soil  materials  to  make  useful  objects) 

203-3     communicate  procedures  and  results,  using  drawings,  demonstrations,  and  written  and  oral  descriptions 
(e.g.,  describe  and  draw  living  things  that  emerge  from  a  winter  soil  sample  that  has  been  placed 
in  a  classroom  terrarium) 


Exploring  soils 


Specific  learning  outconnes 


EARTH  AND  SPACE  SCIENCE 


Students  soon  discover  that  there  is  more  to  soil  than  just  dirt.  It  is  stuff  for  creatures  to  Hve  in  and  for  plants  to 
grow  in,  and  provides  a  base  for  gardens,  forests,  fields,  and  farms.  By  examining  soils,  students  discover  that  soils 
are  made  up  of  more  than  one  thing,  and  that  the  particular  combination  of  materials  in  soil  has  a  lot  to  do  with 
what  fives  in  it  and  on  it.  By  focussing  on  the  ways  we  can  change  soil  —  especially  changes  that  occur  as  a  result 
of  water  —  students  learn  that  soil  is  affected  by  humans  and  the  environment. 

Exploration 

Students  examine  soils  for  living  and  non-living  things. 

-  Students  examine  and  describe  a  soil  and  its  components,  using  magnifying  glasses  to  observe  and  sieves 
to  separate  different  components. 

-  Students  spread  a  sample  of  soil  on  a  white  sheet  of  plastic  and  observe  to  see  what  crawls  out  of  and  through 
the  soil. 

The  above  exploration  may  lead  to  the  following  questions: 
What  do  we  find  in  soil?  How  does  soil  change  when  it  is  wet? 

Development 

Students  investigate  the  characteristics  of  soils  and  soil  components. 

-  Students  examine  different  soils  from  the  local  area  and  describe  their  characteristics. 

-  Students  investigate  what  happens  when  soil  gets  wet:  does  it  feel  different,  pile  up  differently,  hold  together 
differently? 

-  Students  investigate  what  happens  when  soil  is  shaken  in  a  container  of  water. 
Application 

Students  prepare  and  maintain  soils. 

-  Students  make  a  soil  from  different  components. 

-  Students  select  and  maintain  the  soil  for  a  growing  plant. 


This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSiyKnowledge:  100-35,  100-36,  100-37,  100-38 

-  Skills:  200-3,  201-3,  201-5 

-  Attitudes:  401,  405 


138 


Learning  outcomes  by  grade 


Specific  learning  outcome  clusters  for  grade  4 

Habitats  and  communities    142 

Light      144 

Sound    .146 

Rocks,  minerals,  and  erosion    148 

Specific  learning  outcome  clusters  for  grade  5 

Meeting  basic  needs  and  maintaining  a  healthy  body  150 

Properties  and  changes  of  materials    152 

Forces  and  simple  machines     154 

Weather      156 

Specific  learning  outcome  clusters  for  grade  6 

Diversity  of  life  158 

Electricity  .  l60 

Flight  162 

Space   l64 


By  the  end  of  grade  6 


STSE 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

1 04  demonstrate  that  science  and  technology  use  specific  processes 
to  investigate  the  natural  and  constructed  world  or  to  seek 
solutions  to  practical  problems 

1 05  demonstrate  that  science  and  technology  develop  over  time 

Relationships  between  science  and  technology 

1 06  describe  ways  that  science  and  technology  work  togedier  in 
investigating  questions  and  problems  and  in  meeting  specific 
needs 

Social  and  environmental  contexts  of  science 
and  technology 

1 07  describe  applications  of  science  and  technology  that  have 
developed  in  response  to  human  and  environmental  needs 

1 08  describe  positive  and  negative  effects  that  result  from 
applications  of  science  and  technology  in  their  own  lives, 
the  lives  of  others,  and  the  environment 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

204  ask  questions  about  objects  and  events  in  the  local  ('inironment 
and  develop  plans  to  investigate  those  questions 

Performing  and  recording 

205  observe  and  investigate  their  environment  and  record  the  results 
Analysing  and  interpreting 

206  interpret  findings  from  investigauons  using  appr()i)riute  methods 

Communication  and  teamwork 

207  work  collaboratively  to  carry  out  science-related  activities 
and  communicate  ideas,  procedures,  and  results 


General  learning  outcomes        4  to  6 


KNOWLEDGE 

It  is  expected  that  students  will... 


300  describe  and  compare  characteristics  and  properties  of  li\ing 
things,  objects,  and  materials 

301  describe  and  predict  causes,  effects,  and  patterns  related  to 
change  in  hving  and  non-living  things 

302  describe  interactions  within  natural  systems  and  the  elements 
required  to  maintain  these  systems 

303  describe  forces,  motion,  and  energy  and  relate  them  to 
phenomena  in  their  observable  environment 


4  to  6 


General  learning  outcomes 


140 

Hi^HH^Ak  lilt  iiiii  •liiimr  I  iriiriiiiM 

Appreciation  of  science 

409  appreciate  the  role  and  contribution  of  science  and 
technology  in  their  understanding  of  the  world 

410  realize  that  the  applications  of  science  and  technology  can 
have  both  intended  and  unintended  effects 

41 1  recognize  that  women  and  men  of  any  cultural  background 
can  contribute  equally  to  science 

Evident  when  students,  for  example: 

-  rcx:ognize  that  scientific  ideas  help  explain  how  and  why  things  happen 

-  recognize  that  science  cannot  answer  all  questions 

-  use  science  inquiry  and  problem-solving  strategies  when  given 
a  question  to  answer  or  a  problem  to  solve 

-  plan  their  actions  to  take  into  account  or  limit  possible  negative 
and  unintended  effects 

-  are  sensitive  to  the  impact  their  behaviour  has  on  others  and  the 
environment  when  taking  part  in  activities 

-  show  respect  for  people  working  in  science,  regardless  of  their  gender, 
their  physical  and  cultural  characteristics,  or  their  views  of  the  world 

-  encourage  their  peers  to  pursue  science-related  activities  and  interests 


From  grade  4  through  grade  6 


ATTITUDES 

It  is  expected  that  students  will  be  encouraged  to.. 


Interest  in  science 


41 2  show  interest  and  curiosity  about  objects  and  e\  (Mits  within 
different  environments 

413  willingly  observe,  question,  explore,  and  investigate 

414  show  interest  in  the  activities  of  individuals  working  in  scientific 
and  technological  fields 

Evident  when  students,  for  example: 

-  attempt  to  answer  their  own  questions  through  trial  and  careful 
observation 

-  express  enjoyment  in  sharing  and  discu.sMiig  with  chLsMiiales 
science-related  information  gathered  from  books,  magazines, 
newspapers,  videos,  digital  discs,  the  Internet,  or  personal  discussions 
with  family  members,  teachers,  classmates,  and  experts 

-  ask  questions  about  what  scientists  in  specific  fields  do 

-  express  enjoyment  from  reading  science  books  and  magazines 

-  willingly  express  their  personal  way  of  viewing  the  worid 

-  demonstrate  confidence  in  their  abilit\^  to  do  science 

-  pursue  a  science-related  hobby 

-  involve  themselves  as  amateur  scientists  in  exploration  and  scientific 
inquiry,  arriving  at  their  own  conclusions  rather  than  those  of  others 


Scientific  inquiry 


415  consider  their  own  observations  and  ideas  as  well  as  those  of 
others  during  investigations  and  before  drawing  conclusions 

416  appreciate  the  importance  of  accuracy  and  honesty 

417  demonstrate  perseverance  and  a  desire  to  understand 

Evident  when  students,  for  example: 

-  ask  questions  to  ensure  they  understand 

-  respond  positively  to  the  questions  posed  by  other  students 

-  hsten  attentively  to  the  ideas  of  odier  students  and  consider  trying  out 
suggestions  other  than  their  own 

-  listen  to,  recognize,  and  consider  differing  opinions 

-  open-mindedly  consider  nontraditional  approaches  to  science 

-  seek  additional  information  before  making  a  decision 

-  base  conclusions  on  evidence  rather  tlian  preconceived  ideas  or  hunches 

-  report  and  record  what  is  observed,  not  what  they  think  ought  to  be 
or  what  they  believe  the  teacher  expects 

-  willingly  consider  chiuiging  actions  and  opinions  when  presented  with 
new  information  or  evidence 

-  record  accurately  what  has  been  seen  or  measured  when  collecting 
evidence 

-  take  the  time  to  repeat  a  measurement  or  observation  for  greater 
precision 

-  ask  questions  about  what  would  happen  in  an  experiment  if  one 
variable  were  changed 

-  complete  tasks  undertaken  or  all  steps  of  an  investigation 


General  learning  outcomes        4  to  6 


From  grade  4  through  grade  6 


ATTITUDES 

It  is  expected  that  students  will  be  encouraged  fo..  j 


Collaboration 

Stewardship 

Safety 

418       work  collaboratively  while  exploring  and  investigating 

Evident  when  students,  for  example: 

-  complete  group  activities  or  projects 

-  willingly  participate  in  cooperative  problem  solving 

-  stay  with  members  of  the  group  during  the  entire  work  period 

-  willingly  contribute  to  the  group  activity  or  project 

-  willingly  work  with  others,  regardless  of  their  age,  their  gender 
or  their  physical  or  cultural  characteristics 

-  willingly  consider  other  people's  views  of  the  world 

419       be  sensitive  to  and  develop  a  sense  of  responsibility  for  the 

welfare  of  other  people,  other  living  things,  and  the  environment 

Evident  when  students,  for  example: 

-  choose  to  have  a  positive  effect  on  other  people  and  the  world  around 
them 

-  frequently  and  thoughtfully  review  the  effects  and  consequences 
of  their  actions 

-  demonstrate  willingness  to  change  behaviour  to  protect  the  environment 

-  respect  alternative  views  of  the  worid 

-  consider  cause  and  effect  relationships  that  exist  in  environmental 
issues 

-  recognize  that  responding  to  our  wants  and  needs  may  negatively 
affect  the  environment 

-  choose  to  contribute  to  the  sustainabilitv  of  their  community  through 
individual  positive  actions 

-  look  beyond  the  immediate  effects  of  an  activity  and  identify  its  effects 
on  others  and  the  environment 

420  show  concern  for  their  safety  and  that  of  others  in  planning 
and  carrying  out  activities  and  in  choosing  and  using  materials 

421  become  aware  of  potential  dangers 

Evident  when  students,  for  example: 

-  look  for  labels  on  materials  and  seek  help  to  interpret  them 

-  ensure  that  all  steps  of  a  procedure  or  iill  instructions  given  are  followed 

-  repeatedly  use  safe  techniques  when  transporting  materials 

-  seek  counsel  of  the  teacher  before  disposing  of  any  materials 

-  willingly  wear  proper  safety  attire,  when  necessary 

-  recognize  their  responsibihty  for  problems  caused  by  inadequate 
attention  to  safety  procedures 

-  stay  at  their  own  work  area  during  an  activity,  to  minimize  distractions 
iuid  accidents 

-  immediately  advise  the  teacher  of  spills,  breaks,  or  unusual  occurrences 

-  share  in  cleaning  duties  after  an  activity 

-  seek  assistance  immediately  for  any  first  aid  concems  like  nit^  biim^ 
and  unusual  reactions 

-  keep  the  work  station  uncluttered,  with  only  appropriate  materials 
present 

GRADE  4 


Specific  learning  outcomes 


LIFE  SCIENCE 


STSE 

It  is  expected  that  students  will. 


Nature  of  science  and  technology 

1 04- 1     demonstrate  processes  for  investigating  scientific  questions  and  solving  technological  problems 

(e.g.,  demonstrate  processes  used  to  study  the  relationship  between  rabbit  ear  size,  cobration, 
and  habitat) 

104-4    compare  the  results  of  their  investigations  to  those  of  others  and  recognize  that  results  may  vary 

(e.g.,  compare  the  results  of  their  investigations  on  the  relationship  between  beak  size  and  shape, 
and  the  kinds  of  food  that  different  birds  eat) 

104-  6     demonstrate  that  specific  terminology  is  used  in  science  and  technology  contexts  (e.g.,  use  appropriate 

terminology  such  as  habitat,  behavioural  and  structural  features,  food  chain,  population,  and 
community) 

105-  1     identify  examples  of  scientific  questions  and  technological  problems  that  are  currendy  being  studied 

(e.g.,  identify  questions  such  as  ''What  factors  affect  the  migration  of  Monarch  butterflies?"  or 
"What  are  the  effects  of  the  overuse  of  herbicides  and  pesticides?") 

105-  4    identify  examples  of  scientific  knowledge  that  have  developed  from  a  varietv'  of  sources  (e.g.,  describe 

how  folk  knowledge  has  been  used  to  help  understand  the  behaviour  of  the  Atlantic  codfish) 

Relationships  between  science  and  technology 

106-  4    describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 

(e.g.,  describe  how  the  development  of  more  robust  tow  nines  has  helped  preserve  their  quality 
during  transportation) 

Social  and  environmental  contexts  of  science  and  technology 

108- 1     identify  positive  and  negative  effects  of  familiar  technologies  (e.g.,  identify  the  effects  of  waste 
management  on  habitat  conservation,  or  of  clear  cutting  of forests  on  erosion) 

108-3     describe  how  personal  actions  help  conserve  natural  resources  and  care  for  living  things  and  their 
habitats  (e.g.,  identify  hiking  rules  that  respect  a  naturalist  vieu^;  describe  examples  of  programs 
designed  to  protect  habitats  in  other  areas  of  the  world) 

108-6    identify  their  own  and  their  family's  impact  on  natural  resources  (e.g.,  identify  the  potential  impact 
of  their  lifestyle  on  moose,  deer,  rabbit,  or  salmon  habitats  and  populations) 


Habitats  and  communities 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

204-1     propose  questions  to  investigate  and  practical  problems  to  solve  (e.g.,  propose  questions  such  as 
"What  is  camouflage  and  how  does  it  help  an  animal  survive?") 

204-3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern  of  events  (e.g.,  predict  the  structural 
adaptations  needed  of  an  animal  to  live  in  a  partictdar  habitat,  real  or  imaginary) 

204-  6     identify'  various  methods  for  finding  answers  to  given  questions  and  solutions  to  given  problems,  and 

select  one  that  is  appropriate  (e.g.,  identify  the  best  method  to  determine  plant  populations  in  the 
local  schoolyard) 

Performing  and  recording 

205-  1     carry  out  procedures  to  explore  a  given  problem  and  to  ensure  a  fair  test  of  a  proposed  idea,  controlling 

major  variables  (e.g.,  determine  how  the  colour  of  toothpicks  affects  the  number  that  can  be  picked  up 
in  a  given  period  of  time  from  a  measured  area  of  grass) 

205-5     make  observations  and  collect  information  that  is  relevant  to  a  given  question  or  problem  (e.g.,  observe 
changes  in  an  aquarium  or  terrarium  over  time) 

205-  1 0  construct  and  use  devices  for  a  specific  purpose  (e.g.,  construct  a  terrarium) 
Analysing  and  interpreting 

206-  1     classify  according  to  several  attributes  and  create  a  chart  or  diagram  that  shows  the  method  of  classifying 

(e.g.,  classify^  animaLs  as  predators,  prey,  or  scavengers) 

206-2     compile  and  display  data,  by  hand  or  by  computer,  in  a  variety  of  formats  including  frequency  tallies, 
tables,  and  bar  graphs  (e.g.,  display,  in  a  graph,  data  from  a  population-simulation  game) 

206-3     identify  and  suggest  explanations  for  patterns  and  discrepancies  in  data  (e.g.,  identify' population  trends 
in  data  collected  from  a  simulation  game) 

206-6    suggest  improvements  to  a  design  or  constructed  object  (e.g.,  suggest  improtmients  to  their  terrarium) 

206-  9     identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identify'  questions  such  as 

"  Why  has  the  skunk  population  risen  in  urban  areas?  ) 

Communication  and  teamwork 

207-  2     communicate  procedures  and  results,  using  lists,  notes  in  point  form,  sentences,  charts,  graphs,  drawings, 

and  oral  language  (e.g.,  prepare  posters  illustrating  the  components  of  a  local  ecosystem) 


Habitats  and  communities 


KNOWLEDGE 

It  is  expected  that  students  will.. 


300- 1  compare  the  external  features  and  behavioural  patterns  of  animals  that  help  them  thrive  in  different  kinds 

of  places 

300-2  compare  the  structural  features  of  plants  that  enable  them  to  thrive  in  different  kinds  of  places 

301  - 1  predict  how  the  removal  of  a  plant  or  animal  population  affects  the  rest  of  the  community 

301  -2  relate  habitat  loss  to  the  endangerment  or  extinction  of  plants  and  animals 

302-1  identify  a  variety  of  local  and  regional  habitats  and  their  associated  populations  of  plants  and  animals 

302-2  describe  how  a  variety  of  animals  are  able  to  meet  their  basic  needs  in  their  habitat 

302-3  classify  organisms  according  to  their  role  in  a  food  chain 


Specific  learning  outcomes 


GRADE  4 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


By  grade  4,  students  are  famiUar  with  the  basic  needs  of  hving  things  and  can  explore  how  various  organisms  satisfy' 
their  needs  in  the  habitat  in  which  they  are  typically  found.  Students  can  begin  to  look  for  ways  in  which  organisms 
in  one  habitat  differ  from  those  in  another,  and  consider  how  some  of  those  differences  are  helpful  to  survival. 
The  concept  of  inter-relatedness  can  be  expanded  upon  further  by  looking  at  populations  and  the  impact  of  the 
loss  of  one  population  on  a  community.  This  illustrative  example  emphasizes  the  social  and  environmental  contexts 
of  science  and  technology. 

Exploration 

Students  explore  the  link  between  meeting  basic  needs  and  habitat. 

-  Observe  animals  within  a  local  habitat  or  in  the  classroom  to  determine  how  various  organisms  satisfy  their 
needs  in  the  habitats  in  which  they  are  typically  found. 

-  Recognize  that  structural  and  behavioural  adaptations  make  organisms  well-suited  to  a  particular  habitat, 
but  not  to  another. 

-  Use  multi-media  resources  to  expand  the  area  of  study  in  order  to  see  the  great  diversity  of  life  in  different  habitats. 
The  above  exploration  may  lead  to  the  following  question: 

How  do  changes  to  a  habitat  affect  the  hving  things  within  that  habitat? 


Development 

Students  explore  the  dependency  of  organisms  on  their  habitat  as  well  as  on  the  relationships  within  that  habitat. 

-  Investigate  the  concept  of  habitat,  food  chiiin,  iuid  community  by  designing  and  constnicting  a  chissroom  terrarium  or 
aquarium.  Students  observe  changes  over  time  and  improve  on  the  diversity  of  orgiuiisms  the  habitat  can  support. 

-  Use  simulation  games  to  track  populations  over  a  period  of  time,  as  the  availability^  of  resources  goes  up  and  down 
and/or  as  the  presence  of  predators  fluctuates. 

-  Research  how  various  human  behaviours  imd  natural  events  have  had  an  impact  on  habitats  and  populations, 
both  negatively  and  positively  Identify  people  working  on  local  and  regional  habitat  conservation  activities. 

Application 

Students  take  action  to  improve  a  local  habitat. 

-  Design  and  develop  a  new  schoolyard  habitat  that  will  attract  new  populations  (garden/greenspace,  pond, 
bird  houses,  tree  planting). 

-  Clean-up  a  local  stream  or  natural  area  to  enhance  habitat  and  observe  changes  in  populations  over  time. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  108-3,  108-6 

-  Skills:  205-5,  206-6 

-  Knowledge:  300-1,  300-2,  301-2 

-  Attitudes:  414,  418,  419 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STS  E 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

1 04-  6     demonstrate  that  specific  terminology  is  used  in  science  and  tcx:hnologv'  contexts  (e.g.,  use  appropriate 

terms  such  as  'source, "  ^natural, "  "artificial, "  "beam  of  light, "  and  "reflection "  to  describe  the 
behaviour  of  light) 

105-  1     identify  examples  of  scientific  questions  and  technological  prohlems  that  are  currently  being  studied 

(eg,  identify  examples  such  as  the  use  of  light  as  a  means  of  communication,  solar  Ideating  mirrors, 
and  the  use  of  lasers  in  health  sciences) 

Relationships  between  science  and  technology 

106-  1     describe  examples  of  tools  and  techniques  that  extend  our  senses  and  enhance  our  abiUtv'  to  gather 

data  and  information  about  the  world  (e.g.,  describe  tools  such  as  a  telescope,  magnifying  glass, 
optical  microscope,  and  lasers) 

106-  4     describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 

(e.g.,  describe  Imc  tlx'  understanding  of  the  properties  of  light  has  led  to  the  deivlopment  of  technologies 
in  the  area  of  photography) 

Social  and  environmental  contexts  of  science  and  technology 

107-  1     describe  examples,  in  the  home  and  at  school,  of  tools,  techniques,  and  materials  that  can  be  used  to 

respond  to  their  needs  (e.g.,  describe  hoiv  artificial  light  can  be  used for  the  growing  of  indoor  plants) 

107-4     provide  examples  of  how  science  and  technology^  have  been  used  to  solve  problems  in  the  home  and 

at  school  (e.g.,  provide  examples  such  as  emergency  and  security  lighting,  slide  projectors,  cameras, 
and  overhead  projectors) 

1 07-7     describe  examples  of  modem  technologies  that  did  not  exist  in  the  past  (e.g.,  describe  examples  such  as 
lighting  systems,  various  types  of  light  bulbs,  lasers,  microscopes,  and  fibre  optics) 

107-  1 0  identify  women  and  men  in  their  community  who  work  in  science-  and  technology-related  areas 

(e.g.,  identify'  careers  such  as  opticians  and  optics  research  scientists) 

108-  1 


108-6 


identify  positive  and  negative  eSects  of  familiar  technologies  (e.g.,  identify  the  effects  of  tanning  salons, 
halogen  lights,  tanning  lotion,  and  sunscreen) 

identify  their  own  and  their  family's  impact  on  natural  resources  (e.g.,  identify  ways  of  conserving 
energy  such  as  buying  electrical  light  bulbs  that  are  energy -efficient) 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

204-2     rephrase  questions  in  a  testable  form  (e.g.,  rephrase  questions  such  as  "How  does  light  pass  through 
glass?"  into  "Which  objects  allow  light  to  pass  through  them?") 

204-  7    plan  a  set  of  steps  to  solve  a  practical  problem  and  to  carry  out  a  fair  test  of  a  science-related  idea 

(e.g.,  plan  a  procedure  to  determine  the  relationship  between  the  position  of  a  light  source  and 
the  location,  shape,  and  size  of  the  shado  w  produced  by  an  object) 

Performing  and  recording 

205-  3     follow  a  given  set  of  procedures  (e.g.,  follow  a  procedure  to  construct  a  kaleidoscope) 

205-4     select  and  use  tools  for  measuring  (e.g.,  use  an  appropriate  ruler  to  measure  the  length  of  the  tube 
when  constructing  a  kaleidoscope) 


205-5 


make  observations  and  collect  information  that  is  relevant  to  a  given  question  or  problem 
(e.g.,  draw  diagrams  showing  the  position  of  the  light  source  and  location  of  the  shadow) 

205-  10  construct  and  use  devices  for  a  specific  purpose  (e.g.,  construct  a  periscope) 
Analysing  and  interpreting 

206-  3    identify  and  suggest  explanations  for  patterns  and  discrepancies  in  data  (e.g.,  identify'  patterns  in  the 

colours  produced  by  different  prisms) 

206-  5     draw  a  conclusion,  based  on  evidence  gathered  through  research  and  observation,  that  answers  an  initial 

question  (e.g.,  conclude  that  light  travels  in  a  straight  line) 

Communication  and  teamwork 

207-  1     communicate  questions,  ideits,  luid  intentions,  and  listen  to  others  while  conducting  investigations 

(e.g.,  discuss  ivith  peers  the  results  of  explorations  with  prisms) 


1 


Light 


KNOWLEDGE 

is  expected  that  students  will... 


303-1     identify  sources  of  natural  and  artificial  light  in  the  environment 
303-2     demonstrate  that  light  travels  in  all  directions  away  from  a  source 

303-3     distinguish  between  objects  that  emit  their  own  light  and  those  that  require  an  external  source  of  light 
to  be  seen 

303-4    investigate  how  a  beam  of  hght  interacts  with  a  variety  of  objects,  in  order  to  determine  whether  the 
object  cast  shadows,  allow  hght  to  pass,  or  reflect  light 

303-5     predict  the  location,  shape,  and  size  of  a  shadow  when  a  light  source  is  placed  in  a  given  location  relative 

to  an  object 

303-6    demonstrate  and  describe  how  a  variety  of  media  can  be  used  to  change  the  direction  of  hght 
303-7     demonstrate  that  white  hght  can  be  separated  into  colours 

303-8    compare  how  light  interacts  with  a  variety  of  optical  devices  such  as  kaleidoscopes,  periscopes,  telescopes, 
and  magnifying  glasses 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Students  become  famihar  with  the  properties  of  hght  by  observing  how  light  interacts  with  various  objects  in  the 
environment.  These  observations  help  them  gain  an  understanding  of  hght  sources,  and  of  materials  that  block  or 
change  the  path  of  light  and  reflect  light.  From  these  investigations,  students  begin  to  infer  that  light  travels  in  a 
straight  line,  and  they  begin  to  constnict  simple  optical  devices.  This  illustrative  example  emphasizes  the  sociid  and 
environmental  contexts  of  science  and  technology. 

Exploration 

Students  explore  hght  sources  in  their  environment. 

-  Identify  a  wide  range  of  light  sources,  both  natural  and  artificial. 

-  Describe  and  compare  hghts  sources,  using  a  number  of  criteria  such  as  source  of  energy,  area  illuminated,  and  use. 
The  above  exploration  may  lead  to  the  following  question: 

What  light  sources  were  used  by  our  ancestors  in  the  past,  and  how  have  these  sources  evolved  into  the  hght 
sources  of  today? 


Development 

Students  identify  and  describe  the  evolution  of  hght  sources. 

-  Develop  a  timeline  indicating  the  various  technological  developments  of  light  sources. 

-  Compile  a  collage  of  light  sources  from  the  past,  gathering  information  from  a  variety'  of  print  and  electronic 
sources. 

-  Discuss  the  importance  of  science  and  technology  in  the  development  of  light  sources,  and  identify  some  importimt 
contributors  and  their  contributions. 


I 


Application 

Students  use  their  knowledge  of  light  sources  to  create  a  lighting  plan  for  a  home. 

-  Draw  up  a  house  plan,  including  all  the  rooms  found  in  a  house. 

-  Students  indicate  the  placement  of  light  sources  throughout  the  house,  justifying  their  selections  with  information 
on  the  type  of  use  the  area  receives  and  how  the  hght  source  selected  meets  this  need. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  105-1,  106-4.  HF--^,  lOS  l' 

-  Skills:  205-5 

-  Knowledge:  303-1 

-  AtUtudes:411,412,418 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE 


It  is  expected  that  students  will... 


Nature  of  science  and  technology 

104-1     demonstrate  processes  for  investigating  scientific  questions  and  solving  technological  problems 
(e.g.,  explain  how  the  sense  of  hearing  is  important  for  instant  communication  and feedback 
in  oral  and  musical  presentations;  use  sounds  as  an  indicator  or  a  warning) 

104-  6     demonstrate  that  specific  terminology  is  used  in  science  and  technology  contexts  (e.g.y  use  appropriately 

such  terms  as  'pitch, "  "loudness, "  and  "vibrations") 

105-  1     identify  examples  of  scientific  questions  and  technological  problems  that  are  currently  being  studied 

(e.g.,  identify  the  risks  to  hearing  associated  with  the  misuse  of personal  stereo  systems;  examine 
research  into  the  use  of  sound-absorbing  materials  to  reduce  noise  levels) 

Relationships  between  science  and  technology 

1 06-  1     describe  examples  of  tools  and  techniques  that  extend  our  senses  and  enhance  our  ability  to  gather  data 

and  information  about  the  world  (e.g.,  describe  devices  that  improve  the  hearing  of  people  with 
hearing  impairments) 

Social  and  environmental  contexts  of  science  and  technology 

107-  1     describe  examples,  in  the  home  and  at  school,  of  tools,  techniques,  and  materials  that  can  be  used 

to  respond  to  their  needs  (e.g.,  explain  how  they  use  common  devices  such  as  radios,  fire  alarms, 
home  security  devices,  and  whistling  steam  kettles  to  meet  their  everyday  needs) 

107-1 2  provide  examples  of  Canadians  who  have  contributed  to  science  and  technology  W.^.,  provide  examples 
such  as  Alexander  Graham  Bell  and  the  teleplyone,  and  Hugh  Le  Caine  and  the  electronic  synthesizer) 

107-  1 3  describe  scientific  and  technological  activities  carried  out  be  people  from  different  cultures 

(e.g.,  describe  musical  instruments  created  by  people  from  different  cultures) 

1 08-  1     identify  positive  and  negative  effects  of  familiar  technologies  (e.g.,  identify  advantages  and  disadvantages 

of  personal  stereo  systems) 

1 08-3     describe  how  personal  actions  help  conserve  natural  resources  and  care  for  living  things  and  their  habitats 
(e.g.,  reduce  the  use  of  noisy  devices  such  as  lawn  mowers  or  chainsaws;  ensure  that  animals  are 
not  kept  where  ultrasound  security  systems  exist;  show  consideration  when  entering  the  quiet  zone 
of  a  hospital  or  when  arriving  late  at  a  campground) 


SKILLS 

It  is  expected  that  students  will.. 


-J 


Initiating  and  planning 

204-2  rephrase  questions  in  a  testable  form  (e.g.,  given  a  question  such  as  "What factors  affect  the  sound 
made  by  a  string?"  rephrase  it  in  a  testable  form  such  as  "What  effect  does  altering  the  size  of  the 
elastic  string  on  a  model  guitar  have  on  the  sound  it  produces.^  ') 

204-  3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern  of  events  (e.g.,  predict  the  effect 

a  modification  will  have  on  the  pitch  and  loudness  of  the  sound  produced  by  a  recorder) 

Performing  and  recording 

205-  2     select  and  use  tools  in  manipulating  materials  and  in  building  models  (e.g.,  select  and  use  tools  to  build 

musical  instruments) 

205-  8    identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  investigate 

how  simple  musical  instruments  are  constructed) 

Analysing  and  interpreting 

206-  7    evaluate  personally  constructed  devices  with  respect  to  safety,  reliability,  function,  efiBcient  use  of  materials, 

and  appearance  (e.g.,  evaluate  personally  constructed  musical  instruments) 

206-  9    identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identify  the  need  to  design 

a  soundproof  study  area) 

Communication  and  teamwork 

207-  6    work  with  group  members  to  evaluate  the  processes  used  in  solving  a  problem  (e.g.,  evaluate  their 

sun^ey  of  noise  levels  in  the  school  environment) 


\ 


KNOWLEDGE 

It  is  expected  that  students  will... 


300-3  describe  how  the  human  ear  is  designed  to  detect  vibrations 

300-  4  compare  the  range  of  sounds  heard  by  humans  to  that  heard  by  other  animals 

301-  3  demonstrate  and  describe  how  the  pitch  and  loudness  of  sounds  can  be  modified 
303-9  identify  objects  by  the  sounds  they  make 

303- 1 0  relate  vibrations  to  sound  production 

303- 1 1  compare  how  vibrations  travel  differendy  through  a  variety  of  solids  and  liquids  and  through  air 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


147 


Sound  is  a  phenomenon  that  can  be  observed,  measured,  and  controlled  in  various  ways.  Learning  how  sound 
is  caused  by  vibrations  is  important  as  students  explore  both  how  sound  travels  and  factors  that  affect  the  sounds 
that  are  produced.  The  varying  ability  of  humans  and  other  animals  to  detect  sound  is  also  examined,  which  leads  to 
discussions  about  the  necessity  of  protecting  your  sense  of  hearing.  This  illustrative  example  emphasizes  the  nature 
of  science  and  technology. 

Exploration 

Following  an  investigation  of  how  sound  is  produced,  students  investigate  sounds  encountered  every  day. 

-  Develop  a  "sound  diary"  to  record  the  sounds  encountered  over  a  period  of  time. 

-  Explore  sound  levels  in  a  variety  of  locations. 

-  Discuss  effects  of  harmful  levels  of  sound  at  home  or  at  work. 

The  above  exploration  may  lead  to  the  following  question: 

Why  do  different  locations  in  the  school  seem  to  be  noisier  than  others? 

Development 

Students  investigate  the  transmission  of  sound. 

-  Compare  how  sound  travels  through  a  variety  of  materials. 

-  Describe  the  materials  found  in  noisy  areas  of  the  school. 

-  Research  the  acoustic  design  of  modem-day  public  locations  such  as  concert  halls  (ability  to  amplify  sound) 
and  the  interior  of  cars  (ability  to  block  out  sound). 

Application 

Students  use  their  understanding  of  materials  and  sound  transmittal  to  recommend  ways  to  reduce  the  sound  level 
in  noisy  areas  of  the  school  or  the  home. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  die  following  learning  outcomes: 

-  STSE:  105-1,  108-1 

-  Skills:  204-3,  206-9 

-  Knowledge:  303-11 

-  Attitudes:4lO,  419,  421 


I 


GRADE  4 


Specific  learning  outcomes 


148\ 


1 


EARTH  AND  SPACE  SCIENCE 


STS  E 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

104-1     demonstrate  processes  for  investigating  scientific  questions  and  solving  technological  problems 
(e.g.,  demonstrate  processes  for  testing  the  hardness  of  rocks) 

1 04-4    compare  the  results  of  their  investigations  to  those  of  others  and  recognize  that  results  may  vary 
(e.g.,  compare  their  descriptions  of  given  rocks  and  minerals  to  those  of  others) 

104-  6     demonstrate  that  specific  terminology  is  used  in  science  and  technology  contexts  (e.g.,  use  appropriate 

terms  such  as  'hardness, "  'colour, "  and  "texture "  whefi  discussing  ph)'sical  properties  of  rocks  and 
minerals) 

105-  1     identify  examples  of  scientific  questions  and  technological  problems  that  are  currently  being  studied 

(e.g.,  identify  examples  of  techniques  used  to  separate  rocks  and  minerals  on  the  basis  of  their 
physical  properties) 

Relationships  between  science  and  technology 

106-  4     describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 

(e.g.,  dei^elop  new  methods  of  composting  that  will  produce  soils  for  optimum  plant  growth) 

Social  and  environmental  contexts  of  science  and  technology 

107-  1     describe  examples,  in  the  home  and  at  school  of  tools,  techniques,  and  materials  that  can  be  used  to 

respond  to  their  needs  (e.g.,  describe  how  different  materials  such  as  stone,  brick,  and  concrete  are 
used  to  construct  buildings) 

107-4    provide  examples  of  how  science  and  technology  have  been  used  to  solve  problems  in  the  home  and 
at  school  (e.g.,  describe  techniques  for  preventing  erosion) 

107-  7     describe  examples  of  modern  technologies  that  did  not  exist  in  the  past  (e.g,  describe  gold  mining 

techniques  used  in  the  Klondike  and  those  used  today) 

1 08-  1     identify  positive  and  negative  effects  of  familiar  technologies  (e.g.,  identify  the  positive  and  negative 

effects  of  open-pit  mining  on  the  immediate  environment;  discuss  the  impact  of  building  highways 
and  airports  on  the  availability  of  farmland) 

108-3     describe  how  personal  actions  help  conserve  natural  resources  and  care  for  living  things  and  their  habitats 
(eg,  demonstrate  res/ject  for  the  habitats  of  animals  and  the  local  environment  when  collecting  rocks) 

108-6     identify  their  own  and  their  family's  impact  on  natural  resources  (e.g.,  identify  steps  in  maintaining 
the  soil  base  required  for  supporting  plant  and  animal  life) 


Rocks,  minerals,  and  erosion 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

204-1     propose  questions  to  investigate  and  practical  problems  to  solve  (e.g.,  "How  does  water  affect  the 
landscape.''") 

204-3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern  of  events  (e.g.,  hypothesize  about  the 
relationship  between  water  volume  and  the  erosion  of  a  sand  mountain) 

204-  8     identilv'  appropriate  tools,  instruments,  and  materials  to  complete  their  investigations  (e.g.,  use  a  magnifying 

glass  to  investigate  crystal  shapes  in  rocks  and  minerals) 

Performing  and  recording 

205-  1     carry  out  procedures  to  explore  a  given  problem  and  to  ensure  a  fair  test  of  a  proposed  idea,  controlling 

major  variables  (e.g,  carry  out  a  hardness  test  of  a  rock  by  seeing  if  the  rock  scratches  a  penny  or  if 
the  penny  scratches  the  rock) 

205-3     follow  a  given  set  of  procedures  (e.g,  follow  instructions  to  carr}'  out  an  erosion  activity  in  a  sandbox) 

205-5     make  observations  and  collect  information  that  is  relevant  to  a  given  question  or  problem  (e.g.,  obsen^e 
changes  to  a  local  hill  following  a  heavy  rainstorm) 

205-  7     record  observations  using  a  single  word,  notes  in  point  form,  sentences,  and  simple  diagrams  and  charts 

(e.g,  use  a  chart  to  record  observations  from  a  rock  hardness  test) 

Analysing  and  interpreting 

206-  9     identify'  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identif)^  neu^  questions  such  as 

"What  earth  materials  are  used  in  road  construction?") 

Communication  and  teamwork 

207-  2     communicate  procedures  and  results,  using  lists,  notes  in  point  form,  sentences,  charts,  graphs,  drawings 

and  oral  language  (e.g.,  present  an  exhibit  of  rocks  found  in  their  local  environment) 


Rocks,  minerals,  and  erosion 


KNOWLEDGE 

It  is  expected  that  students  will... 


300-5  compare  different  rocks  and  minerals  from  their  local  area  with  those  from  other  places 

300-6  describe  rocks  and  minerals  according  to  physical  properties  such  as  colour,  texture,  lustre,  hardness, 
crystal  shape  (minerals) 

300-7  identify  and  describe  rocks  that  contain  records  of  Earth's  history 

300-  8  relate  the  characteristics  of  rocks  and  minerals  to  their  uses 

301-  4  describe  ways  in  which  soil  is  formed  from  rocks 
301-5  describe  effects  of  wind,  water,  and  ice  on  the  landscape 
301-6  demonstrate  a  variety  of  methods  of  weathering  and  erosion 

301-7  describe  natural  phenomena  that  cause  rapid  and  significant  changes  to  the  landscape 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


In  addition  to  exploring  the  hving  things  around  them,  students  should  also  become  familiar  with  the  Earth  materials 
that  make  up  their  world.  They  should  be  provided  with  opportunities  to  learn  that  rocks  are  used  for  many  things 
within  a  community  and  that  rock  characteristics  help  determine  their  use.  Students  can  then  explore  the  changing 
landscape  by  examining  the  processes  of  erosion,  transport,  and  deposit;  and  determine  how  wind,  water,  and  ice 
reshape  the  landscape.  An  examination  of  these  processes  also  leads  to  discussions  of  ways  that  humans  prevent 
landscape  from  changing  or  adapt  to  a  changing  landscape.  This  illustrative  example  emphasizes  the  relationships 
between  science  and  technology. 

Exploration 

Students  explore  rocks  found  around  them. 

-  Collect  rocks  for  individual,  small-group,  or  class  collections  and  observe  similarities  and  differences  between  them. 

-  Brainstorm  a  Hst  of  places  where,  or  ways  in  which,  rocks  are  used.  This  hst  should  include  practical  activities 
such  as  building  and  road  construction,  and  more  aesthetic  activities  such  as  carving  and  landscaping. 

The  above  exploration  may  lead  to  the  following  question: 
Wliat  characteristics  of  rocks  make  them  suited  to  specific  uses? 

Development 

Students  investigate  the  physical  properties  of  rocks. 

-  Describe  and  compare  rocks  and  minerals  according  to  their  physical  propertit^s.  Use  magnifying  glasses  and  simple 
tests,  such  as  for  hardness. 

-  Classify  the  rocks  studied  according  to  their  physical  properties. 

Application 

Students  identify  which  rocks  are  best  suited  for  a  specific  purpose. 

-  Make  a  recommendation  as  to  which  type  of  rock  is  best  suited  for  steps.  Rationale  should  include  a  description 
of  the  physical  properties  of  the  selected  rock  and  predictions  based  on  long-term  wear. 

-  Substitute  soap  for  soapstone  to  try  their  hands  at  carving,  and  research  various  cultural  uses  of  rocks  including 
Inuit  carvings  and  Aboriginal  petroforms. 

-  Visit  a  local  construction  site  or  use  multi-media  resources  to  learn  more  about  why  particular  rocks  are  used 
to  solve  particular  problems  in  construction. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  107-1,  107-4 

-  Skills:  205-5,  205-7 

-  Knowledge:  300-5,  300-6,  300-8 

-  Attitudes:  412,420 


GRADE  5 


Specific  learning  outconnes 


LIFE  SCIENCE 


Meeting  basic  needs  and  maintaining  a  healthy  body 


STSE 

It  is  expected  that  students  will. 


Nature  of  science  and  technology 

104-  2     demonstrate  and  describe  processes  for  investigating  scientific  questions  and  solving  technological  problems 

(e.g.,  identify'  medical  machines,  such  as  a  dialysis  machine,  an  iron  lung,  computer-assisted  prostheses, 
and  an  artificial  heart,  that  simulate  the  workings  of  different  organ  systems) 

105-  2     identify'  examples  of  scientific  questions  and  technological  problems  addressed  in  the  past  (e.g.,  identify 

exampiA^s  of  the  limitations  of  technology,  such  as  in  tissue  production  and  in  the  identification  of 
hereditary  diseases) 

Relationships  between  science  and  technology 

106-  2 


106-4 


describe  examples  of  tools  and  techniques  that  have  contributed  to  scientific  discoveries  (e.g.^  describe 
examples  such  as  the  microscope,  the  stethoscope,  surgery,  and  dissection) 

describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  appUcations 
(e.g.,  describe  various  medical  technologies  such  as  exercise  machines,  hearing  aids,  and  artificial  limbs) 


Social  and  environmental  contexts  of  science  and  technology 

107-2     describe  and  compare  tools,  techniques,  and  materials  used  by  different  people  in  their  community  and 
region  to  meet  their  needs  (e.g.,  describe  and  compare  tools  and  techniques  used  by  dentists,  surgeons, 
physiotherapists,  and  lab  technicians) 

107-5     provide  examples  of  how  science  and  technology  have  been  used  to  solve  problems  in  their  community 
and  region  (e.g.,  protide  examples  such  as  portable  dialysis  machines  or  transportation  for  physically 
challenged  individuals) 

107-8     describe  examples  of  technologies  that  have  been  developed  to  improve  their  living  conditions 
(e.g.,  describe  examples  such  as  synthetic  drugs  and  ergonomically  designed  office  chairs) 

1 07- 1 2  provide  examples  of  Canadians  who  have  contributed  to  science  and  technology  (e.g.,  provide  examples 
such  as  Leslie  Dolrmin,  who  immted  software  that  allows  physically  challenged  persons  to  communi- 
cate via  Morse  code,  or  Wilfred  Bigelow,  who  invented  the  cardiac  pacemaker) 

107-1 4  identify  scientific  discoveries  and  technological  innovations  of  people  from  different  cultures  (e.g.,  identifi' 
examples  such  as  the  use  of  tree  bark  by  Aboriginals  for  headaches,  which  led  to  the  dei^elopment 
of  a  synthetic  drug) 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

204- 1     propose  questions  to  investigate  and  practical  problems  to  solve  (e.g.,  ask  questions  such  as  'What  causes 
a  heart  attack?") 

204-2     rephrase  questions  in  a  testable  form  (e.g.,  rephrase  a  question  such  as  "How  does  the  heart  work?" 
to  'What  factors  affect  the  ability  of  a  pump  to  circulate  water?") 

204-  4    define  objects  and  events  in  their  investigations  (e.g.,  define  terms  such  as  "organ"  and  "system") 
Performing  and  recording 

205-  1     carr>'  out  procedures  to  explore  a  given  problem  and  to  ensure  a  fair  test  of  a  proposed  idea,  controlling 

major  variables  (e.g.,  investigate  response  times  by  having  one  person  catch  a  nder  between  his  or 
her  thumb  and  index  finger  after  it  is  dropped  by  another  person,  or  by  dropping  a  tennis  ball  from 
various  heights  over  a  person 's  foot) 

205-2     select  and  use  tools  in  manipulating  materials  and  in  building  models  (e.g.,  use  various  materials  and 
tools  to  construct  a  model  heart) 

205-  7     record  observations  using  a  single  word,  notes  in  point  form,  sentences,  and  simple  diagrams  and  charts 

(e.g.,  draw  and  label  a  diagram  of  a  chicken  wing  to  show  its  structure) 

Analysing  and  interpreting 

206-  2     compile  and  display  data,  by  hand  or  by  computer,  in  a  varietv'  of  formats  including  frequency  talhes, 

tables,  and  bar  graphs  (e.g.,  display  in  a  graph  heartbeat  rate  as  a  function  of  the  number  of  stairs 
climbed) 

206-3     identify  and  suggest  explanations  for  patterns  and  discrepancies  in  data  (e.g.,  explain  that  the  closer 
a  tennis  ball  is  to  someone's  foot  when  dropped,  the  less  successful  he  or  she  will  be  at  avoiding  it) 

206-  4    evaluate  the  usefulness  of  different  information  sources  in  answering  a  given  question  (e.g.,  evaluate 

the  usefulness  of  TV  commercials  in  obtaining  nutritional  infornuition  about  foods) 

Communication  and  teamwork 

207-  5     identify  problems  as  they  arise  and  work  cooperatively  with  others  to  find  solutions  (e.g.,  work  ca)/)eratii^ly 

to  refine  their  design  of  a  model  heart) 


Meeting  basic  needs  and  maintaining  a  healthy  body 


Specific  learning  outcomes 


GRADE  5 


LIFE  SCIENCE 


KNOWLEDGE 

/t  is  expected  that  students  will.. 


301-  8     relate  bodily  changes,  such  as  acne  on  the  skin  and  growth  of  body  hair,  to  growth  and  development 

302-  4    describe  the  role  played  by  body  systems  in  helping  humans  and  other  animals  to  grow  and  reproduce 

and  to  meet  their  basic  needs 

302-5     describe  the  structure  and  function  of  the  major  organs  of  the  digestive,  excretory,  respiratory,  circulatory, 
and  nervous  systems 

302-6     demonstrate  how  the  skeletal,  muscular,  and  nervous  systems  work  together  to  produce  movement 
302-7     describe  the  role  of  the  skin 

302-8     describe  the  body's  defences,  such  as  tears,  sahva,  skin,  certain  blood  cells,  and  stomach  secretions, 
against  infections 

302-9     describe  nutritional  and  other  requirements  for  maintaining  a  healthy  body 


ILLUSTRATIVE  EXAMPLE 


Students  can  develop  the  understanding  that  the  body  has  organs  and  systems  that  function  together  to  help  humans 
and  other  animals  meet  their  basic  needs.  Students  should  have  the  opportunity  to  explore  major  internal  organs 
through  the  use  of  models  and  simulations,  and  know  where  they  are  located  in  the  body.  It  is  important  for  students 
to  recognize  that  many  things  may  affect  a  healthy  body  The  body  has  its  own  defences  against  germs,  but  students 
should  understand  that  they  must  meet  their  own  bodies'  requirements  for  things  such  as  nutrition  and  exercise. 
This  illustrative  example  emphasizes  the  nature  of  science  and  technology. 

Exploration 

Students  explore  various  technologies  that  are  used  to  assist  body  systems/organs  that  are  not  functioning  properly. 

The  above  exploration  may  lead  to  the  following  question: 
What  factors  influence  the  health  of  the  respiratory  system? 

Development 

Students  explore  the  effect  of  environmental  factors  on  the  health  of  lungs  and  the  respiratory^  system. 

-  Identify'  a  variety  of  potentially  harmful  airbound  substances  like  smog,  dust,  pollen,  and  smoke. 

-  Carry  out  investigations  of  environmental  pollutants,  including  simulations  of  the  effect  of  smoking  on  the  lungs. 
Filter  paper  and  Vaseline  could  be  used  to  collect  foreign  particles  in  the  air. 

-  Describe  how  the  respiratory^  system  filters  out  harmful  substances,  and  how  some  individuals  are  especiidly 
susceptible  to  these  substances,  Hke  people  suffering  from  allergies  or  asthma. 

-  Carry  out  investigations  to  determine  and  compare  lung  capacities  of  classmates,  and  identify  factors  that  may 
affect  lung  capacity. 

Application 

Students  identify  and  act  on  behaviours  that  will  help  them  maintain  healthy  lungs  and  respiratory  systems, 
such  as  following  a  program  of  regular  physical  activities,  avoiding  second-hand  smoke,  etc.) 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  104-2,  107-2,  107-8 

-  Skills:  204-1,  205-7,206-2 

-  Knowledge:  302-5 

-  Attitudes:  413,  419,  424 


151 


GRADE  5 


152\ 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


Pro 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

1 04-2     demonstrate  and  describe  processes  for  investigating  scientific  questions  and  solving  technological  problems 
(e.g.,  demonstrate  techniques,  such  as  tearing,  breaking,  and  pounding,  to  investigate  physical 
properties:  prepare  putty  and  demonstrate  how  it  can  be  used  to  repair  a  window) 

104-5     describe  how  results  of  similar  and  repeated  investigations  may  vary  and  suggest  possible  explanations 
for  variations  (e.g.,  compare  different  pieces  resulting  from  tearing  or  breaking  an  object  and  relate 
their  form  and  size  to  the  force  and  direction  applied) 

104-  7     demonstrate  the  importance  of  using  the  languages  of  science  and  technology  to  communicate  ideas, 

processes,  and  results  (e.g.,  use  appropriate  terminology^  such  as  texture,  hardness,  solubility,  and 
flexibility,  to  describe  the  properties  of  materials) 

105-  2     identify  examples  of  scientific  questions  and  technological  problems  addressed  in  the  past 

(e.g.,  compare  the  building  materials  and  techniques,  and  the  ways  of  pining,  strengthening, 
and  protecting  materials  used  in  the  past  to  those  used  today) 

Relationships  between  science  and  technology 

106-  2     describe  examples  of  tools  and  techniques  that  have  contributed  to  scientific  discoveries  (e.g.,  describe 

examples  such  as  a  distillation  apparatus  and  the  centrifuge) 

106-  4     describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 

(e.g.,  describe  instances  such  as  the  dewlopment  of  motor  oils  of  different  viscosities,  corrosion- 
resistant  paints,  and  antifreeze) 

Social  and  environmental  contexts  of  science  and  technology 

1 07-  8     describe  examples  of  technologies  that  have  been  developed  to  improve  their  living  conditions  (e.g.,  describe 

examples  such  as  the  devebpment  of  synthetic  fibres  that  are  superior  heat  insulators  and  sublimating 
deodorizers) 


108-7 


describe  the  impact  of  school  and  community  on  natural  resources  (e.g.,  describe  the  impact  of  using 
motor  oil  and  not  receding  it  when  the  oil  is  changed) 


perties  and  changes  of  materials 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

204-2     rephrase  questions  in  a  testable  form  (e.g,  rephrase  a  question  such  as  "Does  changing  the  physical 
characteristics  of an  object  change  its  mass?"  to  ''What  happens  to  the  total  mass  of a  piece  of  cardboard 
when  it  is  cut  up  into  several  pieces?") 

204-5     identify  and  control  major  variables  in  their  investigations  (e.g,  control  variables  such  as  the  amount 
of  liquid  and  the  mass  of  solids  being  dissolved  in  a  solubility  test) 

204-  7    plan  a  set  of  steps  to  solve  a  practical  problem  and  carry  out  a  fair  test  of  a  science-related  idea 

(e.g.,  plan  a  set  of  steps  to  determine  which  type  of  wood  is  the  hardest) 

Performing  and  recording 

205-  3    follow  a  given  set  of  procedures  (e.g,  follow  a  given  set  of  procedures  to  determine  whether  changes 

caused  by  ivetting  materials  are  reversible  or  irreversible) 

205-5     make  observations  and  collect  information  that  is  relevant  to  a  given  question  or  problem  (e.g.,  make 

obsenmtions  related  to  the  characteristics  and  properties  of  materials  and  objects  as  the}'  are  cut  up, 
crushed,  and  stretched) 

205-  8     identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  use  print  and 

electronic  resources  to  gather  information  about  the  processes  by  which  trees  are  made  into  boards) 

Analysing  and  interpreting 

206-  1     classify  according  to  several  attributes  and  create  a  chart  or  diagram  that  shows  the  method  of  classifying 

(e.g.,  classijy  materials  according  to  physical  properties  such  as  hardness  and  flexibility) 

compile  and  display  data,  by  hand  or  by  computer,  in  a  variety  of  formats  including  frecjuency  tallies, 
tables,  and  bar  graphs  (e.g,  use  a  data  table  to  present  results  of  fizz  tests,  indicating  which  materials 
fizz  when  vinegar  is  dropped  on  them) 

idenUfy  potential  applicaUons  of  findings  (e.g,  identify  which  materials  would  be  best  for  use  in  making 
a  waterproof  coat,  a  model  bridge,  or  a  canoe) 


206-2 


206-8 


Communication  and  teamwork 

207-3    work  with  team  members  to  develop  and  carry  out  a  plan  (e.g.,  in  a  group,  develop  a  plan  to  determine 
which  substances  will  react  with  an  unknown  substance  and  which  will  not) 


Properties  and  changes  of  materials 


Specific  learning  outconnes 


GRADE  5 


PHYSICAL  SCIENCE 


KNOWLEDGE 

It  is  expected  that  students  will... 


300-9     group  materials  as  solids,  liquids,  or  gases,  based  on  their  properties 

300- 1 0  identify  properties  such  as  texture,  hardness,  flexibility,  strength,  buoyanq^,  and  solubility  diat  allow 
materials  to  be  distinguished  from  one  another 

300- 1 1   relate  the  mass  of  a  whole  object  to  the  sum  of  the  mass  of  its  parts 

300-  1 2  identify  the  source  of  the  materials  found  in  an  object  and  describe  the  changes  to  the  natural  materials 

required  to  make  the  object 

301-  9     identify  changes  that  can  be  made  to  an  object  without  changing  the  properties  of  the  material  making  up 

the  object 

301- 1 0  identify  and  describe  some  changes  to  materials  that  are  reversible  and  some  that  are  not 
301-1 1   describe  changes  that  occur  in  the  properties  of  materials  when  they  interact  with  each  other 
301-12  describe  examples  of  interactions  between  materials  that  resuh  in  the  production  of  a  gas 


ILLUSTRATIVE  EXAMPLE 


Materials  around  us  have  properties  that  are  important  to  their  use.  By  studying  materials  used  in  various  applications, 
students  become  aware  of  properties  such  as  strength,  flexibiUty,  and  buoyancy  and  they  learn  the  significance 
of  these  properties  to  particular  uses.  Students  learn  that  the  form  a  material  takes,  including  its  shape  imd  structure, 
can  be  modified  as  required.  They  also  learn  that  material  substances  themselves  can  be  changed,  and  that  some 
changes  involve  the  production  of  new  materials  through  reactions  that  are  not  reversible.  This  illustrative  example 
emphasizes  the  nature  of  science  and  technology. 

Exploration 

Students  expk)re  examples  of  different  materials  used  in  a  particular  appHcation. 

-  Compare  different  materials  used  in  a  piece  of  sports  clothing  or  equipment  such  as  a  bat,  ball,  roller  blade, 
fife  preserver,  or  sweatshirt. 

-  Identify  properties  of  an  ideal  material  for  a  particular  sports  appHcation. 

-  Describe  the  properties  of  some  materials,  and  brainstorm  a  list  of  different  ways  each  material  could  be  used. 
The  above  exploration  may  lead  to  the  following  questions: 

What  are  the  properties  of  these  materials?  How  can  a  material  and  its  properties  be  changed? 
Development 

Students  investigate  the  properties  of  materials  and  ways  they  can  be  changed. 

-  Test  and  compare  the  texture,  hardness,  flexibilit),  strength,  buoyancy  and  solubihty  of  particular  materials. 

-  Identify  properties  that  are  importiuit  to  a  particular  application  (such  as  a  sports  application,  an  item  of  clothing, 
or  a  materiid  used  in  baking)  and  evaluate  several  materials  with  respect  to  this  application. 

-  Investigate  materials  that  react  with  other  materials  and  consider  ways  these  changes  may  be  desirable 
or  undesirable. 


Application 

Students  apply  their  knowledge  to  a  new  application. 

-  Compare  a  variety  of  safe  kitchen  substances  for  use  in  cleaning  glass.  (Students  could  compare  the  effectiveness 
of  different  water  solutions  that  include  Sidt,  vinegar,  or  baking  soda.) 

-  Identify'  source  materials  from  which  some  products  are  made  and  describe  the  changes  that  were  made  to  suit  a 
given  application.  (Students  could  dc^scribe  changes  in  the  raw  materids  required  for  the  production  of  a  given  textile.) 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  104-2,  104-5,  104-7 

-  Skills:  204-2,  204-5,  205-5,  206-2 

-  Knowledge:  300-10,  301-10,  301-11 

-  Attitudes:  410,  413,  415,  418,  420 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE 


If  is  expected  that  students  km//... 


Nature  of  science  and  technology 

105-  5     identiiv  examples  of  scientific  loio^^^   

evklence  (e.g.,  identify  methods  used  by  past  cultures  to  carr 
these  medHMk  to  our  preseni  kmmte^ge  sm^ 

Relationships  between  science  and  technology 

1 06-  4    describe  instances  ^tere  scientific  ideas  and  discovenes  have  led  to  ne^  in\ientioQs  and  zpfbcat&oBS 

(e.g.,  describe  hou  the  uheet  ami  aode  ban  bem  used  far  diJfefM 

Social  and  environmental  contexts  of  science  and  technology 

107-  8    describe  exampfes  of  iediDok)gpesttat  have  been  deve^^  (e^.,  describe 

technologies  such  as  wbeMamms  and  comvyor  betts  that  facilitate  the  carryn^  and  transpwiation 
of  products:  identify  demces  such  as  the  pulle),  ubicb  is  used  in  a  doAesHne  or  in  lifting  the 
platforms  used  by  uindow  ckmers) 

1 08-  1     identif\  positive  and  negative  effects  of  fcimiliar  lechnolc^ies  (e.g.,  identify  the  effects  of  the  widespmki 

use  of  aluminum  in  our  society) 

1 08-4    describe  how  technological  products  and  systems  can  be  used  to  consen^e  natural  resources  feg,  describe 
heal  recy  cling  initiatiies  and  identify'  boa  they  contribute  to  the  consenation  of  fiatural  resources) 


Forces  and  simple  machines 


SKILLS 

It  is  expected  that  students  wiH.. 


Initiating  and  planning 
204-: 

-Doesttt 
204-3    state  a  pr 

204-1 
204-5 


1 


bmOekmi 


204-: 


TT!  and  to  cam' ou.  

''MKbines.  to  moce 


(e^..  detise  apian,  ustr 
Performing  and  recording 

205-Z    scic-v.;  and  ux.  :<.k.)1s  in  manipubling  mnerials  and  in  building  : 
a  nibber  band  to  measufeforcg) 

sdea  and  use  took  for  measuring  (e.g..  ustmspriiigacablo 


205  ^ 
205-5 

205-6 
205-8 


make  obseralioos  and  coUea  information  that  is  relevant  to  a  giien  question  or  problem  (e^.,  describe 
force  quatUUalwei}'  and  using  qualitative  terms  snch  as  "morr "  and  "fess*> 


estimate  measurements  (if.;.,  es/rifio^ /Aey^ 

identify  and  use  a  v.i^  e^  ^  ^  ^ces  and  technologies  to  gather  peitinent  information  (e.g.  i 

c  Internet  to  explore  the  use  cf  simple  machines  in  coh 


of  sources  such  a> 
vehicles) 

Analysing  and  interpreting 

206-c     Niig^^esi  improvemenis  lo  a  doign  or  ^ 
constructed  sailboat  to  impnxe  its 


(eg. 


c>  a  personally 


206-  9    identif\  new  questions  or  problems  thai  arise  trom  \itat  was  learned  (e.g,  ask  m  qnesikm  smcb  as 

.Are  there  other  simple  machines  in  addition  to  those  studied?! 

Communication  and  teamwork 

207-  1     commanioue  questions.  \de,i>.  .uui  intentions,  and  lisleBlDQiMSiiUkoiMiducting  im^^ons 

(e.g.,  discuss  possible  tmproi  ements  to  a  det  ice  constmOedbyanoAerstudefit) 


Forces  and  simple  machines 


KNOWLEDGE 

It  is  expected  that  students  will... 


303 

12 

3U3- 

303 

14 

303- 

15 

303 

16 

303 

17 

303 

18 

303-19 
303-20 


investigate  different  kinds  of  forces  used  to  move  objects  or  hold  them  in  place 

observe  and  describe  how  various  forces,  such  as  magnetic,  mechanical,  wind,  and  gravitational,  can  act 
direcdy  or  from  a  distance  to  cause  objects  to  move 

demonstrate  and  describe  the  effect  of  increasing  and  decreasing  the  amount  of  force  applied  to  an  object 
investigate  and  compare  the  effect  of  friction  on  the  movement  of  an  object  over  a  variety  of  surfaces 
demonstrate  the  use  of  rollers,  wheels,  and  axles  in  moving  objects 

compare  the  force  needed  to  Uft  a  load  manually  with  that  required  to  hft  it  using  a  simple  machine 

differentiate  between  the  position  of  the  fulcrum,  the  load,  and  the  effort  force  when  using  a  lever  to 
accomphsh  a  particular  task 

design  the  most  efficient  lever  to  accomplish  a  given  task 

compare  the  force  needed  to  lift  a  load  using  a  single  pulley  system  with  that  needed  to  hft  it  using  a  multiple 
pulley  system 


Specific  learning  outconnes 


GRADE  5 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


The  study  of  motion  and  the  forces  causing  motion  help  students  begin  to  build  a  more  sophisticated  understanding 
of  forces.  Students  are  able  to  move  from  qualitative  to  simple  quantitative  descriptions  of  forces  acting  on  objects 
as  they  manipulate  simple  machines.  The  effects  of  friction  on  the  movement  of  objects  are  also  explored.  The  abilit)' 
of  simple  machines  to  accomphsh  tasks  with  less  effort  is  a  major  emphasis  as  students  compare  and  improve  the 
abihty  of  these  machines  to  function.  Simple  machines  are  used  in  many  aspects  of  hfe,  and  students  should  become 
famihar  with  their  design  and  their  advantages.  This  illustrative  example  emphasizes  the  relationships  between 
science  and  technology. 

Exploration 

Students  explore  examples  of  simple  machines  in  the  environment. 

-  Identify  some  devices  in  the  school,  at  home,  and  in  the  community  that  are  used  to  lift,  earn;  or  move  things. 
The  above  exploration  may  lead  to  the  following  question: 

What  is  the  best  method  to  deliver  a  piano  to  the  second  floor  of  a  building  that  has  no  elevator? 
Development 

Students  explore  a  variety^  of  simple  machines  and  the  abihty  of  these  machines  to  move  a  load. 

-  Test  and  compare  the  ability  of  levers,  inchned  planes,  pulleys,  rollers,  wheels,  and  axles  to  move/lift  a  load. 

-  As  a  team,  develop  and  present  a  plan  for  the  most  effective  method  of  moving  a  piano,  identifying  the  materials 
needed  and  justifying  the  choice  made. 

-  Construct  a  working  model  of  a  lifting  system. 

Application 

Students  apply  their  understanding  of  simple  machines  by  using  them  to  construct  a  model. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  106-4 

-  Skills:  204-3,  204-7,  205-4 

-  Knowledge:  303-14,  303-17 

-  Attitudes:4l2,  418,  420 


GRADE  5 


Specific  learning  outconnes 


156\ 


EARTH  AND  SPACE  SCIENCE 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

104-  7     demonstrate  the  importance  of  using  the  languages  of  science  and  technology  to  communicate  ideas, 

processes,  and  results  (e.g.,  use  appropriate  terms  such  as  'humidity, "  ''wind-chill factor, " 
"barometric pressure",  and  "cloud  cover") 

105-  2     identify  examples  of  scientific  questions  and  technological  problems  addressed  in  the  past  (e.g.,  predict 

the  weather  using  indicators  relied  on  in  the  past  such  as  sky  colour  cloud  formations  and  colour 
and  animal  behaviours) 

Relationships  between  science  and  technology 

106-  2 


106  4 


describe  examples  of  tools  and  techniques  that  have  contributed  to  scientific  discoveries  (e.g.,  explain 
how  a  thermometer,  a  hygrometer,  and  a  barometer  work) 

describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 
(e.g.,  describe  how  studies  of  the  depletion  of  the  ozone  layer  have  led  to  the  replacement  of  CFCs 
in  aerosols) 


Social  and  environmental  contexts  of  science  and  technology 

107-2     describe  and  compare  tools,  techniques,  and  materials  used  by  different  people  in  their  community  and 
region  to  meet  their  needs  (e.g.,  describe  the  reUitionship  between  scientific  techniques  and  Aboriginal 
methods  of  predicting  weather) 

1 07-5     provide  examples  of  how  science  and  technology  have  been  used  to  solve  problems  in  their  community  and 
region  (e.g.,  explain  how  farmers  use  weather  predictions  when  preparing  for  seeding  and  harvesting) 

107-8     describe  examples  of  technologies  that  have  been  developed  to  improve  their  living  conditions  (e.g.,  describe 
examples,  such  as  the  use  of  CFC-free  aerosols,  to  reduce  ozone  depletion) 

1 07- 1 0  identify  women  and  men  in  their  community  who  work  in  science-  and  technology-related  areas 
(e.g.,  identify  careers  such  as  weather  reporter  or  meteorologist) 

107-  1 4  identify  scientific  discoveries  and  technological  innovations  of  people  from  different  cultures  (e.g.,  give 

examples  of  hats  designed for  specific  weather  conditions) 

1 08-  1     identif)  positive  and  negative  eiTects  of  familiar  technologies  (e.g.,  suggest  effects  of  using  air  conditioners; 

identify  advantages  and  disadvantages  of  relying  on  weather  predictions) 


J! 


SKILLS 

It  Is  expected  that  students  will.. 


Initiating  and  planning 

204-3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern  of  events  (e.g.,  predict  the  effect  of 
a  moving  air  mass  on  evaporation) 

204-  8     identify  appropriate  tools,  instruments,  and  materials  to  complete  their  investigations  (e.g.,  identify 

examples  of  instrumen  ts  such  as  thermometers,  rain  gauges,  anemometers,  and  barometers) 

Performing  and  recording 

205-  4    select  and  use  tools  for  measuring  (e.g.,  use  an  anemometer) 

205-6    estimate  measurements  (e.g.,  estimate  the  temperature  at  different  times  of  the  day) 

205-7     record  observations  using  a  single  word,  notes  in  point  form,  sentences,  and  simple  diagrams  and  charts 
(e.g.,  record  both  qualitative  and  quantitative  observations  of  weather  over  a  period  of  time) 

205-  8     identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  use  sources  such 

as  newspapers,  television,  and  the  Internet  to  gather  bed,  regional,  and  national  weather  forecasts) 

Analysing  and  interpreting 

206-  1     classify  according  to  several  attributes  and  create  a  chart  or  diagram  that  shows  the  method  of  classifying 

(e.g.,  classify  types  of  clouds) 

206-2     compile  and  display  data,  by  hand  or  by  computer,  in  a  variety'  of  formats  including  frequency  tallies, 
tables,  and  bar  graphs  (e.g.,  collect  weather  data  and  prese?it  them  on  tables  and  graphs) 

206-3     identify'  and  suggest  explanations  for  patterns  and  discrepancies  in  data  (e.g.,  identify  seasonal  patterns 
in  atmospheric  conditions,  using  historical  weather  data) 

206-  5     draw  a  conclusion,  based  on  evidence  gathered  through  research  and  observation,  that  answers  an  initial 

question  (e.g.,  conclude  that  water  et^aporates  more  quickly  when  exposed  to  a  moving  air  mass 
than  when  exposed  to  a  static  one) 

Communicating  and  teamwork 

207-  4    ask  others  for  advice  or  opinions  (e.g.,  consult  a  meteorologist  when  designing  a  weather  station ) 


1 


Weather 


KNOWLEDGE 


It  is  expected  that  students  will. 


300-1 3  describe  weather  in  terms  of  temperature,  wind  speed  and  direction,  precipitation,  and  cloud  cover 

300-  1 4  describe  situations  demonstrating  that  air  takes  up  space,  has  weight,  and  expands  when  heated 

301-  13  relate  the  constant  circulation  of  water  on  Earth  to  the  processes  of  evaporation,  condensation, 

and  precipitation 

301  - 1 4  describe  and  predict  patterns  of  change  in  local  weather  conditions 

302-  1 0  identify  patterns  in  indoor  and  outdoor  air  movement 

302-  1 1  describe  the  key  features  of  a  variety  of  weather  systems 

303-  2 1  relate  the  transfer  of  energy  from  the  sun  to  weather  conditions 


Specific  learning  outconnes 


GRADE  5 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Weather  is  an  important  aspect  of  daily  life.  Students  should  be  provided  with  opportunities  to  realize  that  diiily 
weather  conditions  are  not  the  result  of  random  occurrences,  but  rather  are  part  of  larger  systems  and  patterns  that  Ciui 
be  predicted  on  both  a  short-term  and  seasonal  basis.  An  important  part  of  the  study  of  weather  is  understanding 
the  characteristics  of  air,  its  movement,  and  its  ability  to  hold  water  Students  study  various  itspects  of  weather  such  as 
temperature,  wind  speed,  precipitation,  and  cloud  formation,  and  begin  to  recognize  the  role  these  aspects  play  in 
weather  systems.  This  illustrative  example  emphasizes  the  social  and  environmental  contexts  of  science  and  technology. 

Exploration 

Students  investigate  basic  components  of  weather  through  observation  and  measurement. 

-  Use  both  student-constructed  and  standard  instruments  to  measure  temperature,  wind  speed  and  direction, 
and  precipitation. 

-  Track  and  describe  a  variety  of  weather  systems  through  both  school-based  measurements  and  local  weather 
forecasting  information. 

The  above  exploration  may  lead  to  the  following  question: 

How  do  current  weather  instruments  and  methods  of  prediction  compare  with  various  folk  methods  used  by  people 
around  the  word  today  as  well  as  in  the  past? 

Development 

Students  investigate  examples  of  tools  and  techniques  used  by  different  people  around  the  woHd  (piist  and  present) 
to  predict  the  weather 

-  Survey  a  variety  of  local  people  about  their  beliefs  and  superstitions  related  to  weather  prediction. 

-  Collect  folk  tales  and  legends  that  refer  to  weather  prediction  from  a  variety  of  print  and  non-print  resources. 

-  Use  both  technology-based  and  folk-based  methods  of  predicting  weather  over  a  period  of  time  and  compare  the 
success  rate  of  each. 

-  Recognize  the  usefulness  of  scientific  instruments  in  gathering  data;  recognize  also  that  some  folk  methods 
of  predicting  weather  are  based  on  meteorological  fact. 

Application 

Students  appreciate  the  importance  of  forecasting  weather  and  the  link  between  weather  and  clothing  and  shelter 
requirements. 

-  Test  fabrics  and  other  materials  for  water  resistance,  protection  from  cold,  etc. 

-  Compare  today's  clothing  and  shelter  with  those  of  the  pitst. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  die  following  learning  outcomes: 

-  STSE:  107-2,  107-5,  107-14 

-  Skills:  204-8,  205-4,  205-7 

-  Knowledge:  300-13,302-11 

-  Attitudes:  409,  411,  414,  415 


r 
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Specific  learning  outcomes 
LIFE  SCIENCE 


STS  E 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

104-5     describe  how  results  of  similar  and  repeated  investigations  may  vary  and  suggest  possible  explanations 
for  variations  (e.g.,  explain  why'  independent  studies  may  reiml  different  responses  by  earthworms 
to  temperature  changes  or  pollution) 

104-  8    demonstrate  the  importance  of  using  the  languages  of  science  and  technology  to  compare  and 

communicate  ideals,  processes,  and  results  (e.g.,  recognize  the  need  to  use  appropriate  terminology 
such  as  ''kingdom, "  'phydum, "  "class, "  "order, "  'family "  "genus, "  "species, "  "producer, " 
"consumer, "  "herbivore, "  and  "carnivore"  to  classify  or  group  organisms) 

105-  6     describe  how  evidence  must  be  continually  questioned  in  order  to  validate  scientific  knowledge 

(e.g.,  describe  implications  of fossil findings  like  Luc)'  that  can  be  used  to  justify  or  question 
certain  scientific  ideas) 

Relationships  between  science  and  technology 

106-  3     describe  examples  of  improvements  to  the  tools  and  techniques  of  scientific  investigation  that  have  led 

to  new  discoveries  (e.g.,  describe  examples  such  as  carbon-dating  techniques  and  the  use  of  radio 
sensors  to  track  migrating  animals) 

Social  and  environmental  contexts  of  science  and  technology 

107-  3     compare  tools,  techniques,  and  scientific  ideas  used  by  different  people  around  the  world  to  interpret 

natural  phenomena  and  meet  their  needs  (e.g.,  compare  the  different  cultural  understandings  and 
explanations  of  the  role  of  microorganisms  in  diseases) 

107-6  provide  examples  of  how  science  and  technology  have  been  used  to  solve  problems  around  the  world 
(e.g.,  provide  examples  such  as  sanitation  procedures  in  hospital  operating  rooms  or  supermarket 
meat  refrigerators) 

107-  1 1   identify  examples  of  careers  in  which  science  and  technology  play  a  major  role  (e.g.,  identify^  examples 

of  careers  such  as  environmental  chemist,  paleontologist,  and  wildlife  biologist) 

108-  5     describe  how  personal  actions  help  conserve  natural  resources  and  protect  the  environment  in  their 

region  (e.g.,  describe  how  composting  can  reduce  the  need  for  synthetic  fertilizers  and  topsoil) 


108-8 


describe  the  potential  impact  of  the  use  by  humans  of  regional  natural  resources  (e.g.,  identify  the 
possible  impact  on  the  local  deer  population) 


Diversity  of  life 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

204-1     propose  questions  to  investigate  and  practical  problems  to  solve  (e.g.,  propose  questions  such  as 
"Wh}'  are  birds  in  Canada  different  from  birds  in  South  America?' ) 

204-6    identify  various  methods  for  finding  answers  to  given  questions  and  solutions  to  given  problems,  and  select 
one  that  is  appropriate  (e.g.,  identify  a  variety  of  methods  for  studying  how  insects  obtain  their  food) 

204-  8     identify  appropriate  tools,  instruments,  and  materials  to  complete  their  investigations  (e.g.,  identify'  tools 

such  as  magnifying  glasses  and  optical  microscopes) 

Performing  and  recording 

205-  8     identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  conduct  an 

inventory  of plants  found  in  their  surroundings) 

Analysing  and  interpreting 

206-  1     classify  according  to  several  attributes  and  create  a  chart  or  diagram  that  shows  the  method  of  classifying 

(e.g.,  classify  organisms  found  in  pond  water  using  criteria  they  have  developed  themselves) 

206-  9     identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identify  questions  such  as 

"Hoiv  can  students  from  different  parts  of  the  country  and  around  the  world  communicate  effectiwly 
about  animals  and  plants?") 

Communication  and  teamwork 

207-  4    ask  others  for  advice  or  opinions  (e.g.,  consult  with  the  appropriate  authorities  before  removing  fossils 

from  a  site) 


Diversity  of  life 


KNOWLEDGE 

It  is  expected  that  students  will.. 


300- 1  5  describe  the  role  of  a  common  classification  system  for  living  things 

300- 1 6  distinguish  between  vertebrates  and  invertebrates 

300-1 7  compare  the  characteristics  of  mammals,  birds,  reptiles,  amphibians,  and  fishes 

300- 1 8  compare  characteristics  of  common  arthropods 

300- 1 9  examine  and  describe  some  hving  things  that  cannot  be  seen  with  the  naked  eye 

301  - 1  5  compare  the  adaptations  of  closely  related  animals  hving  in  different  parts  of  the  world  and  discuss  reasons 
for  any  differences 

301  - 1 6  identify  changes  in  animals  over  time,  using  fossils 

302- 1 2  describe  how  microorganisms  meet  their  basic  needs,  including  obtaining  food,  water,  and  air,  and 
moving  around 


Specific  learning  outcomes 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Students  are  able  to  recognize  that  living  things  can  be  subdivided  into  smaller  groups.  As  an  introduction  to  the 
formal  biological  classification  system,  students  should  focus  on  plants,  animals,  and  microorganisms.  Students 
should  have  the  opportunity  to  learn  about  an  increasing  variety  of  living  organisms,  both  famihar  and  exotic,  and 
should  become  more  precise  in  identifying  similarities  and  differences  among  them.  The  illustrative  example 
emphasizes  the  relationships  between  science  and  technology. 

Exploration 

Students  explore  the  diversity  of  Hving  things  within  a  pond  community. 

-  Describe  and  categorize  living  things  found  within  a  pond  community. 

The  above  exploration  may  lead  to  the  following  question: 

How  can  information  and  characteristics  be  gained  about  fiving  things  that  cannot  be  seen  with  the  naked  eye? 
Development 

Students  investigate  living  things  using  magnifying  tools. 

-  Construct  a  variety  of  magnifiers  such  as  water  drop  magnifier  and  bucket  magnifier. 

-  Examine  and  evaluate  the  effectiveness  of  each  magnifier  in  enlarging  the  print  on  a  piece  of  newspaper. 

-  Use  a  variety  of  commercial  magnifying  tools  like  hand  lenses,  low-power  microscopes,  and  student-constructed 
magnifiers  to  observe  and  gather  data  about  living  things  like  insects,  spiders,  butterflies,  imd  pond  microorganisms. 

-  Use  data  gathered  on  pond  microorganisms  to  discuss  ways  in  which  these  organisms  are  able  to  meet  their  basic 
needs. 

-  Describe  examples  of  how  high-power  magnification  technologies  have  enabled  scientists  to  learn  more  about 
the  natural  world. 

Application 

Students  include  magnifiers  in  their  repertoire  of  available  tools  and  are  able  to  effectively  and  efficiently  make  use 
of  them  in  a  variety  of  situations. 

This  illustrative  example  suggests  wavs  students  can  he  led  to  attain  the  following  learning  outcomes: 

-  STSE:  104-8,  106-3 

-  Skills:  204-8,  205-8,  206-1 

-  Knowledge:  300-15,  300-19,302-12 

-  Attitudes:  413,  419 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE 

ed  that  students  will... 


Nature  of  science  and  technology 

104-  5     describe  how  results  of  similar  and  repeated  investigations  may  vary  and  suggest  possible  explanations 

for  variations  (e.g.,  explain  the  differences  in  electrostatic  charges  resulting  from  the  nibbing  together 
of  different  substances) 

105-  3     describe  examples  of  scientific  questions  and  technological  problems  that  have  been  addressed  differently 

at  different  times  (e.g.,  give  examples  such  as  how  electricity  has  been  generated  over  time) 

Relationships  between  science  and  technology 

106-  3     describe  examples  of  improvements  to  the  tools  and  techniques  of  scientific  investigation  that  have  led  to 

new  discoveries  (e.g.,  describe  examples  such  as  the  invention  of  the  microwave  oven,  made  possible 
by  the  discovery  of  electromagnets) 

106-  4    describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  applications 

(e.g.,  describe  examples  such  as  the  dei^elopment  of  computer  microchips) 

Social  and  environmental  contexts  of  science  and  technology 

107-  9    compare  past  and  current  needs,  and  describe  some  ways  in  which  science  and  technology  have  changed 

the  way  people  work,  live,  and  interact  with  the  environment  (e.g.,  compare  how  humans  have  heated 
or  lighted  their  homes  over  time;  describe  the  impact  on  the  environment  of  increased  energy 
consumption  by  industries  over  time) 

108-  2     describe  intended  and  unintended  effects  of  a  scientific  or  technological  development  (e.g.,  describe 

effects  stemming  from  the  production  of  electricity  or  the  use  of  high-voltage  transmission  lines) 

108-5     describe  how  personal  actions  help  conserve  natural  resources  and  protect  the  environment  in  their 

region  (e.g.,  describe  actions  such  as  the  wise  use  of  thermostats,  batteries,  and  domestic  lighting) 

108-8  describe  the  potential  impact  of  the  use  by  humans  of  regional  natural  resources  (e.g.,  detise  an  action 
plan  for  reducing  the  consumption  of  electricity  at  home  or  school,  and  assess  how  this  plan  could 
contribute  to  the  conservation  of  a  natural  resource) 


Electricity 


SKILLS 

It  is  expected  that  students  w, 


Initiating  and  planning 

204-1     propose  questions  to  investigate  and  practical  problems  to  solve  (e.g.,  propose  a  question  such  as 
"Why  don 't  all  the  bulbs  in  a  string  of  Christmas  lights  go  out  when  you  remove  one  bulb?) 

204-3     state  a  prediction  and  a  hypothesis  based  on  an  observed  pattern  of  events  (e.g.,  hypothesize  about  the 
relationship  between  the  number  of  coils  around  a  nail  and  the  strength  of  the  electromagnetic  field) 

204-7     plan  a  set  of  steps  to  solve  a  practical  problem  and  to  carry  out  a  fair  test  of  a  science-related  idea 
(e.g.,  plan  a  procedure  to  test  the  strength  of  electromagnets) 

204-  8    identify  appropriate  tools,  instruments,  and  materials  to  complete  their  investigations  (e.g.,  identify 

materials  that  can  be  used  to  make  a  switch) 

Performing  and  recording 

205-  3     follow  a  given  set  of  procedures  (e.g.,  follow  instructions  for  testing  the  conductivity  of  different 

materials) 

205-  9    use  tools  and  apparatus  in  a  manner  that  ensures  personal  safety  and  the  safety  of  others  (e.g.,  ensure 

that  batteries,  bulbs,  and  wires  are  handled  safely) 

Analysing  and  interpreting 

206-  5    draw  a  conclusion,  based  on  evidence  gathered  through  research  and  observation,  that  answers  an  initial 

question  (e.g.,  draw  a  conclusion  as  to  which  material  conducts  electricity  best) 

Communication  and  teamwork 

207-  2     communicate  procedures  and  results,  using  Usts,  notes  in  point  form,  sentences,  charts,  graphs,  draw- 

ings, and  oral  language  (e.g.,  illustrate  electrical  circuits  using  appropriate  symbols) 


Electricity 


300 

■20 

303 

■22 

303 

■23 

303 

■24 

303 

■25 

303 

■26 

303 

•27 

303 

•28 

303 

•29 

303-30 

KNOWLEDGE 

is  expected  that  students  will. 


compare  the  conductivity  of  a  variety  of  solids  and  liquids 
compare  the  characteristics  of  static  and  current  electricity 
compare  a  variety  of  electrical  pathways  by  constructing  simple  circuits 
describe  the  role  of  switches  in  electrical  circuits 
compare  characteristics  of  series  and  parallel  circuits 

demonstrate  how  electricity  in  circuits  can  produce  hght,  heat,  sound,  motion,  and  magnetic  effects 

describe  the  relationship  between  electricity  and  magnetism  when  using  an  electromagnet 

identify  various  methods  by  which  electricity  can  be  generated 

identify  and  explain  sources  of  electricity  as  renewable  or  nonrenewable 

identify  and  explain  different  factors  that  could  lead  to  a  decrease  in  electrical  energy  consumption 
in  the  home  and  at  school 


303-3 1   identify  and  explain  the  dangers  of  electricity  at  work  or  at  play 


Specific  learning  outcomes 

PHYSICAL  SCIENCE 

ILLUSTRATIVE  EXAMPLE 


Students  encounter  electricity  every  day  of  their  lives.  A  basic  understanding  of  how  electricitv  works  can  help  students 
recognize  the  need  for  safe  practices  when  around  electricity,  begin  to  realize  that  they  have  control  over  how  much 
electricity  they  use  in  the  home  and  at  school,  and  begin  to  understand  the  impact  energy  consumption  has  on 
electricity  as  a  resource.  This  illustrative  example  emphasizes  the  social  and  environmental  contexts  of  science 
and  technology. 

Exploration 

Students  investigate  how  electricity  is  used  at  home  and  at  school. 

-  Keep  an  "electrical  use"  journal,  noting  the  various  electrical  devices/systems  they  encounter  over  the  course  of  a  day. 

-  Categorize  devices  according  to  whether  they  are  high-,  medium-,  or  low-consumption  devices  (some  discussion 
of  kilowau  hours  is  needed). 

The  above  exploration  may  lead  to  the  following  questions: 

How  much  electricity  does  tlie  average  home  use  over  the  course  of  a  year?  How  can  consumption  be  decreased? 
Development 

Students  investigate  electrical  energy  consumption  in  their  own  home. 

-  Examine  electrical  bills  for  the  past  year,  identify  patterns  related  to  peak  use  periods  (time  of  day  and  time  of  year), 
and  propose  reasons  for  those  peak  periods. 

-  Carry  out  a  household  inventory  of  electrical  appUances,  and  hght  bulbs,  noting  the  wattage  of  bulbs,  and 
describing  use  patterns.  For  example,  how  often  is  the  air  conditioner  on  during  the  summer?  Are  hghts  turned  off 
when  no  one  is  in  the  room? 

-  Discuss  ways  to  reduce  energy  consumption. 

Application 

Students  can  carry  out  a  similar  activity  based  on  school  electricity  usage  iuid  implement  a  plan  to  reduce  consumption. 
Implementing  the  plan  could  include: 

-  An  energy  retrofit  where  more  energy  efficient  lighting  systems  are  used. 

-  A  pubhc  information  campaign  to  change  behaviours  in  the  school,  such  as  turning  off  classroom  lights  when 
they  are  not  in  use. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  108-5,  108-8 

-  Skills:  204-1,  204-3,  206-5 

-  Knowledge:  303-29,  303-30 

-  Attitudes:  413,  415,  418 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


STSE 


is  expected  that  students  will... 


Nature  of  science  and  technology 

104-3     demonstrate  and  explain  the  importance  of  selecting  appropriate  processes  for  investigating  scientific 
questions  and  solving  technological  problems  (e.g.,  explain  wh)^  it  is  appropriate  to  demonstrate  an 
aerodynamic  principle  using  a  simulation;  explain  why  it  is  important  to  change  one  variable 
while  keeping  others  constant  in  designing  and  testing  paper  airplanes) 

104-  5     describe  how  results  of  similar  and  repeated  investigations  may  vary  and  suggest  possible  explanations 

for  variations  (e.g.,  describe  and  explain  variations  in  the  flow  of  air  over  surfaces  of  different  shapes) 

105-  3     describe  examples  of  scientific  questions  and  technological  problems  that  have  been  addressed  differendy 

at  different  times  (e.g.,  describe  examples  such  as  the  evolution  of  airplane  engines  over  time) 

Relationships  between  science  and  technology 

106-  3     describe  examples  of  improvements  to  the  tools  and  techniques  of  scientific  investigation  that  have  led  to 

new  discoveries  (e.g.,  describe  how  using  different  fuels  has  led  to  new  applications  from  balloons 
to  rockets:  describe  how  aerodynamic  research  using  wind  tunnels  or  computers  can  contribute  to 
new  airplane  designs) 

Social  and  environnfiental  contexts  of  science  and  technology 

107-  6     provide  examples  of  how  science  and  technology  have  been  used  to  solve  problems  around  the  world 

(e.g.,  provide  examples  such  as  the  design  of  aircraft  for  specific  purposes,  including  fighting  fires, 
transporting  people  and  products,  rescuing  people,  fighting  wars,  and  studying  the  environment) 

107-9     compare  past  and  current  needs,  and  describe  some  ways  in  which  science  and  technology  have  changed 
the  way  people  work,  live,  and  interact  with  the  environment  (e.g.,  compare  transportation  methods 
used  in  the  20th  centur}'  to  cover  large  distances) 

1 07- 1 2  provide  examples  of  Canadians  who  have  contributed  to  science  and  technology  (e.g.,  provide  examples 
such  as  Wallace  R.  Tumbull  from  New  Brunswick  who  invented  the  variable  speed  propeller  and 
Robert  Noorduyn  from  Quebec  who  designed  the  bush  plane) 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

204-2     rephrase  questions  in  a  testable  form  (e.g.,  rephrase  a  question  such  as  "Why  can  some  gliders  travel 
farther  than  others?''  to  "What  effect  does  wing  shape  have  on  the  distance  a  glider  can  travel?') 

204-4    define  objects  and  events  in  their  investigations  (e.g.,  use  appropriate  terminolog}^  such  as  "fuselage", 
"stabilizer, "  and  "rudder"  when  referring  to  major  components  of  an  aircraft) 

204-  7    plan  a  set  of  steps  to  solve  a  practical  problem  and  to  carry  out  a  fair  test  of  a  science-related  idea 

(e.g.,  plan  a  set  of  steps  to  test  the  efficiency  of  different  designs  of propellers  in  model  airplanes) 

Performing  and  recording 

205-  2     select  and  use  tools  in  manipulating  materials  and  in  building  models  (e.g.,  select  and  use  appropriate 

tools  in  constructing  model  airplanes  and  rockets) 

205-3     follow  a  given  set  of  procedures  (e.g.,  follow  a  given  set  of  procedures  to  compare  drag  in  gliders) 

205-5  make  observations  and  collect  information  that  is  relevant  to  a  given  question  or  problem  (e.g.,  make 
observations  about  the  performance  of  a  model  airplane  related  to  distance  travelled,  amount  of 
time  in  the  air,  and  ability  to  turn) 

205-  8     identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  identify  and 

use  Internet  sources  and  simulation  software  to  gather  information  about  the  use  of  wind  tunnels 
in  testing  aircraft  designs) 

Analysing  and  interpreting 

206-  3     identify  and  suggest  explanations  for  patterns  and  discrepancies  in  data  (e.g.,  identify  patterns  in  air 

flow  related  to  the  size  and  shape  of  aircraft  wings) 

206-6    suggest  improvements  to  a  design  or  constructed  object  (e.g.,  suggest  improvements  to  a  glider's  design) 

206-  9    identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identify^  questions  such  as 

"What  characteristics  allow  very  large  and  heaiy  aircraft  to  fly?') 

Communication  and  teamwork 

207-  2     communicate  procedures  and  results,  using  fists,  notes  in  point  form,  sentences,  charts,  graphs,  drawings, 

and  oral  language  (e.g.,  communicate  the  results  of  their  experimentation  with  their  model  pUines 
using  drawings  and  oral  language) 


Flight 


KNOWLEDGE 

is  expected  that  students  will.. 


300-2 1  identily  characteristics  and  adaptations  that  enable  birds  and  insects  to  fly 

300-  22  describe  and  justify  the  differences  in  design  between  aircraft  and  spacecraft 

301-  17  describe  and  demonstrate  how  Uft  is  affected  by  the  shape  of  a  surface 
301- 1 8  describe  and  demonstrate  methods  for  altering  drag  in  flying  devices 

303-32  describe  the  role  of  hft  in  overcoming  gravity  and  enabhng  devices  or  living  things 

303-33  identify  situations  which  involve  BemouUi's  principle 

303-34  describe  the  means  of  propulsion  for  flying  devices 


Specific  learning  outconnes 


^^^^ 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


The  capability  of  flight  is  shared  by  a  varietv'  of  living  things  and  human  inventions.  For  many  centuries,  humans  have 
marveled  at  the  ability'  of  hving  things  to  attain  flight,  and  they  have  developed  a  varietv'  of  devices  to  recreate  that 
ability.  Students  learn  to  appreciate  the  science  and  technology  involved  as  they  investigate  how  things  fly  and  develop 
and  test  a  variety  of  prototype  devices.  Through  their  investigations  they  learn  that  miuiv  different  approaches  are  used, 
and  that  each  provides  a  means  to  achieve  Uft,  movement,  and  control.  This  iUustrative  example  emphasizes  the 
nature  of  science  and  technology. 

Exploration 

Students  examine  materials  that  show  living  things  and  devices  that  fly 

-  Use  print,  media,  and  electronic  resources  to  identify'  and  explore  living  things  and  devices  that  fly 

-  Explore  historical  events  and  milestones  in  the  history  of  flight. 

The  above  exploration  may  lead  to  the  foUowing  question: 

How  do  hving  things  and  flying  devices  achieve  lift,  movement,  and  control? 

Development 

Students  investigate  features  of  hving  things  and  constructed  devices  that  fly 

-  Investigate  insects  and  birds  that  fly,  mammals  and  seeds  that  ghde,  and  spiders,  spores,  pollen,  and  other  hving 
things  that  are  carried  aloft  by  wind. 

-  Investigate  the  accomplishments  of  different  people,  past  and  present,  in  explaining  flight  and  inventing  flying 
devices. 

-  Investigate  different  ways  hft  is  achieved  through  the  interaction  of  moving  air  and  a  sohd  surface. 
Application 

Students  create  a  product  or  presentation  to  iUustrate  and  explain  a  flight  technology,  or  to  explore  imphcations  and 
opportimities  created  by  flight. 

-  Develop  a  presenuition  on  the  development  of  a  particular  flight  technology,  including  an  illustration,  explanation, 
and  description  of  problems  overcome. 

-  Investigate  different  designs  and  prototype  devices  that  fly  or  glide  through  air  in  a  controlled  direction  or 
a  predetermined  pattern  of  flight. 

-  Investigate  careers  in  flight  and  aerospace  industries. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  104-3,  105-3,  107-6 

-  Skills:  204-2,  205-3,  205-5,  206-3 

-  Knowledge:  301-17,  301-18,  303-32,  303-33 

-  Attitudes:  409,  412,413 


GRADE  6 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STS  E 


It  is  expected  that  students  will... 


Nature  of  science  and  technology 

104-3     demonstrate  and  explain  the  importance  of  selecting  appropriate  processes  for  investigating  scientific 
questions  and  solving  technological  problems  (e.g.,  explain  why  astrology  is  not  a  part  of  science) 

1 04-  8     demonstrate  the  importance  of  using  the  languages  of  science  and  technology  to  compare  and 

communicate  ideas,  processes,  and  results  (e.g.,  use  appropriate  terminolog}^  such  as  "constellations, " 
"planets, "  "moons, "  "comets, "  "asteroids, "  and  "meteors"  to  describe  objects  in  space) 

105-  6     describe  how  evidence  must  be  continually  questioned  in  order  to  validate  scientific  knowledge  (e.g.,  provide 

examples  of  ideas,  such  as  the  flat  Earth,  the  Earth  as  the  centre  of  the  solar  system,  and  life  on 
Mars,  which  were  or  are  being  challenged  to  develop  new  understandings  of  the  natural  world) 

Relationships  between  science  and  technology 

1 06-  3     describe  examples  of  improvements  to  the  tools  and  techniques  of  scientific  investigation  that  have  led  to  new 

discoveries  (e.g.,  describe  examples,  such  as  the  lunar  bugg}\  the  Canadarm,  the  Hubble  telescope,  and 
space  probes,  which  have  extended  scientific  knowledge) 

1 06-  4     describe  instances  where  scientific  ideas  and  discoveries  have  led  to  new  inventions  and  apphcations 

(e.g.,  describe  examples  for  producing  electrical  energy,  such  as  how  a  better  understanding  of  tides 
has  led  to  their  harnessing) 

Social  and  environmental  contexts  of  science  and  technology 

107-  3     compare  tools,  techniques,  and  scientific  ideas  used  by  different  people  around  the  worid  to  interpret 

natural  phenomena  and  meet  their  needs  (e.g.,  compare  how  different  cultures  over  time,  such  as 
the  Celts,  the  Aztecs,  and  the  Egyptians,  have  traced  the  positions  of  stars  to  determine  the  appropriate 
time  to  plant  and  han^est  crops) 

107-1 2  provide  examples  of  Canadians  who  have  contributed  to  science  and  technology  (e.g.,  provide  examples 
of  Canadian  astronauts  such  as  Marc  Gameau,  Roberta  Bondar  and  Chris  Hadfteld) 

107-1  5  describe  scientific  and  technological  achievements  that  are  the  result  of  contributions  by  people  from 
around  the  worid  (e.g.,  describe  international  contributors  related  to  the  construction  of  the  space 
station) 


Space 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

204-5     identify  and  control  major  variables  in  their  investigations  (e.g.,  predict  what  variables  might  affect  the 
size  of  craters  on  the  moon,  using  a  flour  and  marble  simulation) 

204-6    identify  various  methods  for  finding  answers  to  given  questions  and  solutions  to  given  problems,  and 

select  one  that  is  appropriate  (e.g,  use  local  papers  or  science  periodicals  for  listings  of planets  that 
are  visible  at  a  particular  time) 

204-  7     plan  a  set  of  steps  to  solve  a  practical  problem  and  to  carry  out  a  fair  test  of  a  science-related  idea 

(e.g,  plan  a  procedure  to  test  a  hypothesis  in  a  simulated  moon  crater  activity) 

Performing  and  recording 

205-  2     select  and  use  tools  in  manipulating  materials  and  in  building  models  (e.g.,  select  appropriate  materials 

to  build  model  constellations) 

205-7     record  observations  using  a  single  word,  notes  in  point  form,  sentences,  and  simple  diagrams  and  charts 
(e.g.,  use  a  data  table  to  record  night  sky  observations) 

205-  8     identify  and  use  a  variety  of  sources  and  technologies  to  gather  pertinent  information  (e.g.,  me  electronic 

and  print  resources  or  visit  a  planetarium  to  gather  information  on  the  instial  characteristics  of 
planets) 

Analysing  and  interpreting 

206-  2     compile  and  display  data,  by  hand  or  by  computer,  in  a  variety  of  formats  including  frequency  tallies, 

tables,  and  bar  graphs  (e.g.,  prepare  a  diagram  showing  the  orbits  of  the  planets) 

206-4    evaluate  the  usefulness  of  diff'erent  information  sources  in  answering  a  given  question  (e.g.,  compare 
information  received from  science  fiction  stories  about  space  with  that  from  scientific  sources) 

206-  5    draw  a  conclusion,  based  on  evidence  gathered  through  research  and  observation,  that  answers  an  initial 

question  (e.g,  conclude  that  simulated  flour  craters  are  deeper  and  wider  when  the  marble  is 
heavier  or  is  dropped  from  greater  heights) 

Communication  and  teamwork 

207-  2     communicate  procedures  and  results,  using  lists,  notes  in  point  form,  sentences,  charts,  graphs,  draw- 

ings, and  oral  language  (e.g,  write  a  postcard  describing  your  holiday  on  a  planet  other  than  Earth 
and  include  in  the  description  the  key  characteristics  of  that  platwt) 


Space 


KNOWLEDGE 

It  is  expected  that  students  will.. 


300-  23  describe  the  physical  characteristics  of  components  of  the  solar  system  —  specifically  the  sun,  planets, 

moons,  comets,  asteroids,  and  meteors 

301  -1 9  demonstrate  how  Earth's  rotation  causes  the  day  and  night  cycle  and  how  Earth's  revolution  causes 
the  yearly  cycle  of  seasons 

301-  20  observe  and  explain  how  the  relative  positions  of  Earth,  the  moon,  and  the  sun  are  responsible  for 

the  moon  phases,  ecHpses,  and  tides 

301  -2 1   describe  how  astronauts  are  able  to  meet  their  basic  needs  in  space 

302-  1 3  identify  constellations  in  the  night  sky 


Specific  learning  outcomes 


GRADE  6 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


165 


Space  science  involves  learning  about  objects  in  the  sky  to  discover  their  form,  their  movements,  and  their  interactions. 
For  students,  developing  a  concept  of  Earth  and  space  presents  a  new  challenge.  It  requires  extensive  experience  with 
models  to  explore  relationships  of  size,  position,  and  motion  of  different  bodies.  In  learning  about  space,  students 
come  to  appreciate  that  human  abihty  to  observe  and  study  objects  in  space  is  now  greatly  enhanced  by  technology. 
Students  learn  that  manned  and  unmanned  probes  and  Earth-based  devices  are  contributing  to  our  knowledge  of  space, 
and  that  new  capabihties  are  being  developed  for  monitoring  the  Earth,  for  communications,  and  for  the  further 
exploration  of  space.  This  illustrative  example  emphasizes  the  relationships  between  science  and  technology. 

Exploration 

Students  explore  the  night  sky  and  examine  images  of  space  and  space  technologies. 

-  Use  print,  media,  and  electronic  resources  to  identify  and  explore  images  of  space  and  space  technologies. 

-  Observe  the  night  sky  and  identify  patterns  and  differences  from  night  to  night. 

The  above  exploration  may  lead  to  the  following  question: 
What  technologies  have  been  developed  to  find  objects  in  space? 

Development 

Students  investigate  the  form  and  features  of  different  bodies  and  space,  and  develop  awareness  of  different  ideas 
and  technologies  that  have  been  developed. 

-  Use  models  to  explore  and  illustrate  the  relative  position  and  motion  of  objects  in  space,  such  as  rotation  and 
revolution,  and  to  explain  daily  and  seasonal  cycles. 

-  Investigate  the  understandings  of  different  peoples  at  different  times  of  the  nature  of  space,  time,  and  the  seasons. 

Application 

Students  create  a  product  or  presentation  to  illustrate  and  explain  an  aspect  of  space  or  space  technology. 

-  Develop  a  presentation  to  illustrate  the  development  of  a  space  technolog\,  including  lui  illustration,  explanation, 
and  description  of  problems  overcome. 

-  Investigate  challenges  and  new  opportunities  created  by  space  science. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  106-3,  107-3,  107-15 

-  Skills:  204-6,  205-8,  206-4,  207-2 

-  Knowledge:  300-23,  301-21 

-  Attitudes:  409,  411,417 


7  to  9       Learning  outcomes  per  grade 


Specific  learning  outcome  clusters  for  grade  7 

Interactions  within  ecosystem^ 
Mixtures  and  solutions 
Heat 

Earth  s  cruM 

Specific  learning  outcome  clusters  for  grade  8 

Cells,  tissues,  organs  and  systems 

Optics 

Fluids 

Water  systems  on  Earth   


Specific  learning  outcome  clusters  for  grade  9 

Reproduction 
Atoms  and  elements 
Characteristics  of  electricitx 
Space  exploration 


170 
172 
174 
176 

178 
180 
182 
184 

186 
188 
190 
192 


By  the 


STS  E 

It  is  expected  that  students  \ 


Nature  of  science  and  technology 

1 09  describe  various  processes  used  in  science  and  technology 
that  enable  us  to  understand  natural  phenomena  and  develop 
technological  solutions 

110  describe  the  development  of  science  and  technology  over  time 

Relationships  between  science  and  technology 

111  explain  how  science  and  technology  interact  widi  and  advance 
one  another 

Social  and  environmental  contexts  of  science 
and  technology 

112  illustrate  how  the  needs  of  individuals,  society,  and  the 
environment  influence  and  are  influenced  by  scientific  and 
technological  endeavours 

113  analyse  social  issues  related  to  the  applications  and  limitations 
of  science  and  technology,  and  explain  decisions  in  terms  of 
advantages  and  disadvantages  for  sustainability,  considering 

a  few  perspectives 


nd  of  grade  9 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208  ask  questions  about  relationships  between  and  among 
observable  variables  and  plan  investigations  to  address  those 
questions 

Performing  and  recording 

209  conduct  investigations  into  relationships  between  and 
among  observations,  and  gather  and  record  qualitative 
and  quantitative  data 

Analysing  and  interpreting 

210  analyse  qualitative  and  quantitative  data  and  develop 
and  assess  possible  explanations 

Communication  and  teamwork 

211  work  collaboratively  on  problems  and  use  appropriate  limguage 
and  formats  to  communicate  ideas,  procedures,  and  results 


General  learning  outcomes        7  to  9 

It  is  expected  that  students  will... 


Life  science 

304  explain  and  compare  processes  that  are  responsible  for  the 
maintenance  of  an  organism's  fife 

305  explain  processes  responsible  for  the  continuity  and  diversity 
of  life 

306  describe  interactions  and  explain  dynamic  equilibrium  within 
ecological  systems 

Physical  science 

307  describe  the  properties  and  components  of  matter  and  explain 
interactions  between  those  components 

308  describe  sources  and  properties  of  energy;  and  explain  energy- 
transfers  and  tnuisformations 

309  recognize  that  many  phenomena  are  caused  by  forces  and 
explore  various  situations  involving  forces 

Earth  and  space  science 

310  explain  how  Earth  provides  both  a  habitat  for  life  and 
a  resource  for  society 

311  explain  patterns  of  change  and  their  effects  on  Earth 

312  describe  the  nature  and  components  of  the  universe 


7  to  9 


General  learning  outconnes 


From  grade  7  th 


Appreciation  of  science 


422  appreciate  the  role  and  contribution  of  science  and  technology 
in  our  understanding  of  the  world 

423  appreciate  that  the  applications  of  science  and  technology  can 
have  advantages  and  disadvantages 

424  appreciate  and  respect  that  science  has  evolved  from  different 
views  held  by  women  and  men  from  a  variety  of  societies  and 
cultural  backgrounds 

Evident  when  students,  for  example: 

-  recognize  the  potential  conflicts  of  differing  points  of  view  on  specific 
science- related  issues 

-  consider  more  than  one  factor  or  perspective  when  formulating 
conclusions,  solving  problems,  or  making  decisions  on  STSE  issues 

-  recognize  the  usefulness  of  mathematical  and  problem-solving  skills 
in  the  development  of  a  new^  technology 

-  recognize  the  importance  of  drawing  a  parallel  between  social 
progress  and  the  contributions  of  science  and  technology 

-  estabhsh  the  relevance  of  the  development  of  information  technologies 
and  science  to  human  needs 

-  recognize  that  science  cannot  answer  all  questions 

-  consider  scientific  and  technological  perspectives  on  an  issue 

-  identify  advantages  and  disadvantages  of  technology 

-  seek  information  from  a  variety  of  disciplines  in  their  study 

-  avoid  stereotyping  scientists 

-  show^  an  interest  in  the  contributions  women  and  men  from  many 
cultural  backgrounds  have  made  to  the  (IcNclojMiuMit  of  modern 
science  and  technology 


ATTITUDES 

///  be  encouraged  to. 


Interest  in  science 


425  show  a  continuing  curiosity  and  interest  in  a  broad  scope 
of  science-related  fields  and  issues 

426  confidently  pursue  fiirther  investigations  and  readings 

427  consider  many  career  possibiUties  in  science-  and 
technology-related  fields 

Evident  when  students,  for  example: 

-  attempt  at  home  to  repeat  or  extend  a  science  activity  done  at  school 

-  actively  participate  in  extracurricular  activities  such  as  science  fairs, 
science  clubs,  or  science  and  technology  challenges 

-  choose  to  study  topics  that  draw  on  research  from  different  science 
and  technology  fields 

-  pursue  a  science-related  hobby 

-  discuss  with  others  the  information  presented  in  a  science  show  or 
on  the  Internet 

-  attempt  to  obtain  information  from  a  variety  of  sources 

-  express  a  degree  of  satisfaction  at  understanding  science  concepts 
or  resources  that  are  challenging 

-  express  interest  in  conducting  science  investigations  of  their  own  design 

-  choose  to  investigate  situations  or  topics  that  are  challenging 

-  express  interest  in  science-  and  technology-related  careers 

-  discuss  the  advantages  of  science  and  technology  studies 


SliciiciIic  iiic^Uiiy 

428  consider  observations  and  ideas  from  a  variety  of  sources 
during  investigations  and  before  drawing  conclusions 

429  value  accuracy,  precision,  and  honesty 

430  persist  in  seeking  answers  to  difficult  questions  and  solutions 
to  difficult  problems 

Evident  when  students,  for  example: 

-  ask  questions  to  clarify'  meaning  or  confirm  their  understanding 

~  strive  to  assess  a  problem  or  situation  accurately  by  careful  analysis 
of  evidence  gathered 

-  propose  options  and  compare  them  when  making  decisions  or  taking 
action 

-  honestly  evaluate  a  complete  set  of  data  based  on  direct  observation 

-  critically  evaluate  inferences  imd  conclusions,  basing  their  arguments 
on  fact  rather  than  opinion 

-  critically  consider  ideas  and  perceptions,  recognizing  that  die  obvious 
is  not  always  right 

-  honestly  report  and  record  all  observations,  even  when  the  evidence 
is  unexpected  and  will  affect  the  interpretation  of  results 

-  take  the  time  to  accurately  gather  evidence  and  use  instrunu  nus  cai  elulfy 

-  wiUingly  repeat  measurements  or  observations  to  increase  the 
precision  of  evidence 

-  choose  to  consider  a  situation  from  different  perspectives 

-  pick  out  biased  or  inaccurate  interpretations 

-  report  the  limitations  of  their  designs 

-  remain  skeptical  of  a  proposal  until  evidence  is  offered  to  support  it 

-  seek  a  second  opinion  before  making  a  decision 

-  continue  working  on  a  problem  or  research  project  until  the  best 
possible  solutions  or  answers  are  uncovered 


From  grade  7  through  grade  9 


ColL..w,cition 


431       work  collaboratively  in  carrying  out  investigations  as  well  as 
in  generating  and  evaluating  ideas 

Evident  when  students,  for  example: 

-  assume  responsibility  for  their  share  of  the  work  to  be  done 

-  willingly  work  with  new  individuals  regardless  of  their  age  tli(M*r 
gender,  or  their  physical  or  cultural  characteristics 

-  accept  various  roles  within  a  group,  including  that  of  leadership 

-  help  motivate  others 

-  consider  alternative  ideas  and  interpretations  suggested  by  members 
of  the  group 

~  recognize  that  others  have  a  riglit  to  their  point  of  view 

-  hsten  to  the  points  of  view  of  others 

-  choose  a  variety  of  strategies,  such  as  active  listening,  paraphntsing, 
and  questioning,  in  order  to  understand  others'  points  of  view 

-  seek  consensus  before  making  decisions 

-  advocate  the  peaceful  resolution  of  disagreements 

-  can  disagree  with  others  and  still  work  in  a  collaborative  manner 

-  are  interested  and  involved  in  decision  making  that  requires  full-group 
participation 

-  share  the  responsibility  for  carrying  out  decisions 

-  share  the  responsibility  for  difficulties  encountered  during  an  activity 


ATTITUDES 

expected  that  students  will  be  encouraged  to... 


Stewardship 


432  be  sensitive  and  responsible  in  maintaining  a  balance  between 
the  needs  of  humans  and  a  sustainable  environment 

433  project,  beyond  the  personal,  consequences  of  proposed 
actions 

Evident  when  students,  for  example: 

-  show  respect  for  all  forms  of  life 

-  consider  both  the  immediate  and  long-term  effects  of  their  actions 

-  assume  personal  responsibihty  for  their  impact  on  the  environment 

-  modify  their  behaviour  in  hght  of  an  issue  related  to  conservation 
and  protection  of  the  environment 

-  consider  the  cause-and-effect  relationships  of  personal  actions 
and  decisions 

-  objectively  identify  potential  conflicts  between  responding  to  human 
wants  and  needs  and  protecting  the  environment 

-  consider  the  points  of  view  of  others  on  a  science-related  environmental 
issue 

-  consider  the  needs  of  other  people  and  the  precariousness  of  the  envi- 
ronment when  making  decisions  and  taking  action 

-  insist  that  issues  be  discussed  using  a  bias-balanced  approach 

-  participate  in  school  projects  that  address  STSE  issues 


General  learning  outcomes        7  to  9 


mm 

Safety  in  science 

434  show  concern  for  safety  in  planning,  carrying  out,  and 
reviewing  activities 

435  become  aware  of  the  consequences  of  their  actions 
Evident  when  students,  for  example: 

-  read  the  label  on  materials  before  using  them,  and  ask  for  help  if  safetv 
symbols  are  not  clear  or  understood 

-  readily  alter  a  procedure  to  ensure  the  safety  of  members  of  the  group 

-  select  safe  methods  and  tools  for  collecting  evidence  and  solving  problems 

-  listen  attentively  to  safety  procedures  given  by  the  teacher 

-  careftilly  manipulate  materials,  using  skills  learned  in  class  or  elsewhere 

-  ensure  the  proper  disposal  of  materials 

-  immediately  react  to  reminders  about  the  use  of  safety  precautions 

-  willingly  wear  proper  safety  attire  without  having  to  be  reminded 

-  assume  responsibility  for  their  involvement  in  a  breach  of  safety  or 
waste  disposal  procedures 

-  stay  at  their  own  work  area  during  an  activity,  respecting  others' 
space,  materials,  and  work 

-  take  the  time  to  organize  their  work  area  so  that  accidents  can  be 
prevented 

-  immediately  advise  the  teacher  of  spills,  brc^aks,  and  unusual  occurrences, 
and  use  appropriate  techniques  and  materials  to  clean  up 

-  clean  their  work  area  during  and  after  an  activity 

-  seek  assistance  immediately  for  any  first  aid  concerns  like  burns, 
cuts,  or  unusual  reactions 

-  keep  the  work  area  uncluttered,  with  only  appropriate  materials  present 


Specific  learning  outcomes 


LIFE  SCIENCE 


STSE 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

109-1     describe  the  role  of  collecting  evidence,  finding  relationships,  and  proposing  explanations  in  the  development 
of  scientific  knowledge  (e.g.,  explain  that  obsenmtiou  and  identification  of  similar  characteristics  enables 
classification  and  an  appreciation  of  diversity  ;  explain  that  a  simple  predator-prey  relationship 
may  provide  insight  into  the  interrelationships  in  a  food  web) 

109- 1 2  distinguish  between  terms  that  are  scientific  or  technological  and  those  that  are  not  (e.g.,  use  appropriate 
terms  such  as  "insect''  or  ^caribou  '  rather  than  "bug"  or  "reindeer") 

Relationships  between  science  and  technology 

111-1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the  development  of  technologies  (e.g.,  provide 
examples  such  as  ho  w  an  understanding  of  the  effect  of  n  itrogen,  phosphorus,  and  potassium  on 
plant  growth  is  related  to  the  production  of fertilizers,  how  a  knowledge  of  microorganisms  has 
affected  food  production  and  preservation  techniques,  and  how  a  knowledge  offish  behaviour  is 
used  in  aquaculture) 

111-  6     apply  the  concept  of  systems  as  a  tool  for  interpreting  the  structure  and  interactions  of  natural  and 

technological  systems  (e.g.,  compare  the  input  and  output  of  energy  in  an  ecosystem  to  that  in 
an  isolated  community  of  humans) 

Social  and  environmental  contexts  of  science  and  technology 

112-  4    provide  examples  of  Canadian  institutions  that  support  scientific  and  technological  endeavours  (e.g.,  provide 

examples  of  ifistitutions  such  as  ermronmefital  conservation  groups,  federal  arul proinncial government 
departments,  marine  institutes,  universities,  and  colleges) 

112-  8     provide  examplc^s  to  illustrate  that  scientific  and  technological  activities  take  place  in  a  variety  of  individual 

or  group  settings  (e.g.,  provide  examples  such  as  individual  and  community  gardening,  impact  studies 
done  by  environmental  chemists,  and  research  done  by  teams  of  international  scientists) 

113-  10  provide  examples  of  problems  that  arise  at  home,  in  an  industrial  setting,  or  in  the  environment  that  cannot 

be  solved  using  scientific  and  technological  knowledge  (e.g.,  identify  issues  such  as  the  acceptable  size 
of  an  animal  popidation  in  a  city  or  the  decision  to  spray  against  mosquitoes  in  a  city) 

113-11   propose  a  course  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  personal 
needs  (e.g.,  propose  a  course  of  action  to  protect  the  local  nesting  habitat  of  a  given  bird) 


teractions  within  ecosystems 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 
208  2 


208  3 


208-5 


identify  questions  to  investigate  arising  from  practical  problems  and  issues  (e.g.,  identif' potential 
questions  such  as  "How  can  you  prolong  the  life  of  a  landfill  site?"  and  "How  could  a  community 
reduce  the  amount  of  garbage  it  produces?") 

define  and  delimit  questions  and  problems  to  facilitate  investigation  (e.g.,  delimit  a  problem  related  to 
research  on  the  impact  of forest  fires  on  ecological  succession) 

state  a  prediction  and  a  hypothesis  based  on  background  information  or  an  obser\'ed  pattern  of  events 
(e.g.,  predict  what  an  aquatic  ecosystem  will  look  like  in  25  years  based  on  characteristics  of  the 
area  and  the  long-term  changes  observed  in  similar  sites) 


Performing  and  recording 

209-  5    select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  compile  information  from  a  variety  of  books,  magazines,  pamphlets,  and  Internet 
sites,  as  well  as  from  conversations  with  experts,  on  the  role  of  microorganisms  in  food  preservation) 

Analysing  and  interpreting 

210-  1     use  or  construct  a  classification  key  (e.g.,  construct  a  key^  that  will  enable  classmates  to  differentiate 

between  producers  and  consumers) 

210-2     compile  and  display  data,  by  hand  or  computer,  in  a  variety  of  formats,  including  diagrams,  flow  charts, 
tables,  bar  graphs,  fine  graphs,  and  scatter  plots  (e.g.,  prepare  a  chart  showing  the  flow  of  energy  in 
a  food  web  that  exists  in  the  schoolyard) 

210-3     identify  strengths  and  weaknesses  of  different  methods  of  collecting  and  displaying  data  (e.g.,  compare 
obsewations  done  in  the  field  with  observations  based  on  a  television  program) 

210-  12  identify  and  evaluate  potentiid  applications  of  findings  (e.g.,  determine  the  maximum  allowable  num- 

ber of  visitors  in  a  sensitive  area  such  as  an  ecological  reserve  or  park) 

Communication  and  teamwork 

211-  5     defend  a  given  position  on  an  issue  or  problem,  bitsed  on  their  findings  (e.g.,  defend  their  decision  to 

increase  or  decrease  hunting  or  fishing  quotas  for  a  particular  animal) 


Interactions  within  ecosyste 


KNOWLEDGE 

It  is  expected  that  students  will... 


304- 1     explain  how  biological  classification  takes  into  account  the  diversity  of  hfe  on  Earth 

304-2     identifv^  the  roles  of  producers,  consumers,  and  decomposers  in  a  local  ecosystem,  and  describe  both 
their  diversity  and  their  interactions 

304-3     describe  conditions  essential  to  the  growth  and  reproduction  of  plants  and  microorganisms  in  an  ecosystem 
and  relate  these  conditions  to  various  aspects  of  the  human  food  supply 

306-1     describe  how  energy  is  supplied  to,  and  how  it  flows  through,  a  food  web 

306-2     describe  how  matter  is  recycled  in  an  ecosystem  through  interactions  among  plants,  animals,  fungi, 
and  microorganisms 

306-3     describe  interactions  between  biotic  and  abiotic  factors  in  an  ecosystem 
306-4     identify  signs  of  ecological  succession  in  a  local  ecosystem 


S 


Specific  learning  outcomes 


LIFE  SCIENCE 


Most  students  have  been  interacting  with  a  variety  of  living  organisms  from  a  very  young  age,  but  they  are  not  necessarily 
aware  of  the  essential  role  every  type  of  organism,  including  those  that  are  not  visible,  plays  in  large  systems  like 
ecosystems.  This  cluster  enables  students  to  study  the  diversity  of  organisms  by  introducing  them  to  the  characteristics 
of  various  organisms  and  by  presenting  different  ways  in  which  organisms  interact.  The  dependence  of  living  orgiuiisms 
on  their  physical  worid  reinforces  tlie  interrelationships  between  all  components  of  healtliy  ecosy  stems.  This  illustrative 
example  emphasizes  the  relationships  between  science  and  technology  and  the  unifying  concept  of  systems  and 
interactions. 

Exploration 

-  Students  brainstorm  beneficial  and  harmful  effects  of  a  wide  variety  of  organisms  in  their  world. 

-  Students  suggest  factors  responsible  for  the  degradation  of  food  in  composts. 

The  above  exploration  may  lead  to  the  following  question: 
Are  microorganisms  an  essential  component  of  ecosystems? 

Development 

-  Students  explore  the  structure  and  relative  size  of  microorganisms  using  microscopes.  The  characteristics  of 
these  organisms  are  compared  to  those  of  plants  and  animals,  using  appropriate  terms. 

-  Students  prepare  cultures  of  microorganisms  found  in  their  environment.  They  predict,  then  determine,  the  factors 
that  influence  their  growth.  Results  are  analysed  to  determine  how  these  growth  factors  can  be  used  to  the 
advantage  of  other  organisms,  including  humans. 

-  Students  research  the  role  of  men  and  women  in  the  development  of  knowledge  and  technologies  that  have 
increased  our  understanding  of  the  important  role  microorganisms  play  in  our  worid.  This  information  is  related 
to  a  variety  of  career  opportunities  in  related  fields  of  food  production,  harvesting,  preparation,  and  safety. 

Application 

Following  a  visit  to  a  food  processing  plant,  students  prepare  and  present  a  model  showing  how  the  food  industry 
uses  microorganisms  or  ehminates  them  from  food  supplies.  Current  iuid  traditional  methods  of  food  conserxation, 
production,  and  preparation  are  demonstrated  iuid  exphiined.  The  economic  and  environmental  impacts  of  these 
technologies  are  discussed,  as  is  the  accompanying  decrease  in  heiilth  risks  related  to  food  poisoning. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  111-1 

-  Skills:  208-5,  209-5,  210-2,  210-12 

-  Knowledge:  304-1,  304-2 

-  Attitudes:  424,  428,  432,  434 


GRADE  7 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


Nature  of  science  and  technology 

1 09-4     provide  examples  of  how  technologies  used  in  the  past  were  developed  through  trial  and  error  (e.g.,  proinde 
examples  showing  the  ei^olution  of  refinement  and  separation  techniques  such  as  settling,  sifting, 
filtering,  fusion,  distillation,  and  chromatography) 

1 09- 1 0  relate  personal  activities  in  formal  and  informal  settings  to  specific  science  disciplines  (e.g.,  relate  science 
disciplines  to  personal  settings,  such  as  using  chemistry^  to  explain  wh)'  a  pop  drink  fizzes,  applying 
materials  science  when  using  the  proper  amount  of  paint  thinner,  and  knowing  that  meteorology 
is  applied  when  the  smog  index  is  determined  for  a  city  or  region) 

Relationships  between  science  and  technology 

111-  5     describe  the  science  underlying  particular  technologies  designed  to  explore  natural  phenomena,  extend 

human  capabilities,  or  solve  practical  problems  (e.g.,  provide  examples  such  as  distillation  technologies, 
which  make  use  of  the  fact  that  a  gaseous  pure  substance  can  revert  to  its  liquid  state) 

Social  and  environmental  contexts  of  science  and  technology 

112-  7     provide  examples  of  how  science  and  technology  affect  their  lives  and  their  community  (e.g.,  provide 

examples  such  as  considering  the  concentration  of  various  solutions  when  comparing  their  effectiveness 
or  nutritional  value) 

113-  1     identify  some  positive  and  negative  effects  and  intended  and  unintended  consequences  of  a  particular 

scientific  or  technological  development  (e.g.,  identify  effects  such  as  hioaccumulation  as  a  consequence 
of  using  pesticides  or  the  pollution  resulting  from  the  use  of  water  as  a  washing  agent  in  mineral 
and  chemical  extraction) 


Mixtures  and  solutions 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208-1     rephrase  questions  in  a  testable  form  and  clearly  define  practical  problems  (e.g.,  rephrase  a  question 
such  as  "How  many  pure  substances  are  found  in  a  given  mixture.'^"  to  "What  is  the  most  salt  that 
can  be  dissolved  in  one  litre  of  water  at  23°C?") 

208-  6     design  an  experiment  and  identify  major  variables  (e.g.,  design  an  experiment  to  determine  the 

efficiency  of filtration  and  ei^aporation  as  separation  techniques  for  a  solution  with  given  salt, 
sand,  and  water  contents) 

Performing  and  recording 

209-  1     carry  out  procedures  controUing  the  major  variables  (e.g.,  maintain  a  uniform  volume  of  solvent 

when  measuring  the  saturation  point  of  a  solute  at  various  solvent  temperatures) 

209-6    use  tools  and  apparatus  safely  (e.g.,  dispose  properly  of  broken  glassware;  wear  safety  goggles  when 
carrying  out  a  distillation) 

209-  7     demonstrate  a  knowledge  of  WHMIS  standards  by  using  proper  techniques  for  handling  and  disposing 

of  lab  materials  (e.g.,  recognize  warning  symbols) 

Analysing  and  interpreting 

210-  4     predict  the  value  of  a  variable  by  interpolating  or  extrapolating  from  graphical  data  (e.g.,  determine  the 

saturation  point  of  a  solute  at  solvent  temperatures  that  differ  from  those  previously  tested) 

210-7     identify,  and  suggest  explanations  for,  discrepancies  in  data  (e.g.,  suggest  explanations  such  as  water 
loss  through  eimporation,  or  partial  dissolution  of  substances,  for  discrepancies  in  data  that  occur 
during  filtration) 

210-8     apply  given  criteria  for  evaluating  evidence  and  sources  of  information  (e.g,  apply  criteria  wl)en  evaluating 
the  salt,  sugar,  and fat  content  of  certain  ingredients  or  foods) 

2 1 0-9    calculate  theoretical  values  of  a  variable  (e.g.,  calculate  concentrations  of  solutions  in  g/IOO  mL) 

210-  16  identify  new  questions  and  problems  that  arise  from  what  was  learned  (e.g.,  identify  questions  such  as 

"Are  there  mixtures  that  cannot  be  separated?'^  and  "What  techniques  are  used  to  remove  pollutants 
from  air  and  water?') 

Communication  and  teamwork 

211-  1     receive,  understand,  and  act  on  the  ideas  of  others  (e.g,  take  into  account  feedback  from  a  taste  panel 

to  create  the  best-tasting  powdered  drink) 


Mixtures  and  solutions 


KNOWLEDGE 


307- 1  distinguish  between  pure  substances  and  mixtures  using  the  particle  model  of  matter 

307-2  identify  and  separate  the  components  of  mixtures 

307-3  describe  the  characteristics  of  solutions  using  the  particle  model  of  matter 

307-4  describe  qualitatively  and  quantitatively  the  concentration  of  solutions 

307-5  describe  qualitatively  the  factors  that  affect  solubihty 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


173 


Working  with  and  discussing  mixtures  and  solutions  allows  students  to  make  further  use  of  their  emerging 
understanding  of  the  particulate  nature  of  matter  without  getting  into  the  concept  of  the  mole.  Students  will  increasingly 
see  that  many  mixtures  and  solutions  are  extremely  useful  and  directly  related  to  their  lives.  This  illustrative  example 
emphasizes  the  social  and  environmental  contexts  of  science  and  technology  and  the  iinifving  concept  of  change 
and  constancy. 

Exploration 

-  Students  identify  various  substances  they  consider  to  be  mixtures.  For  example,  powdered  drinks,  cookie  dough, 
cement,  and  muddy  water.  Students  should  be  encouraged  to  provide  a  wide  array  of  mixtures,  including  biological 
examples. 

The  above  exploration  may  lead  to  the  follo\\ing  question: 
How  can  you  change  the  constituents  in  a  mixture? 

Development 

-  Students  try  out  various  separation  techniques  used  by  scientists  and  technologists  throughout  time,  such  as  sorting, 
sifting,  flotation,  magnetic  attraction,  evaporation,  filtration,  dissolution,  and  chromatography,  using  safe  laboratory 
procedures  and  WHMIS  knowledge.  In  each  instance,  students  should  be  curious  as  to  why  certain  constituents 
can  be  separated,  whereas  others  cannot. 

-  Using  various  solutes  in  water,  students  can  create  various  solutions,  of  varying  concentrations,  and  qualitatively 
and  quantitatively  compare  them.  Students  should  appreciate  how  "concentration"  and  "dilution"  are  commonplace 
tenns  that  have  a  scientific  basis,  even  as  they  are  used  on  a  variety  of  commercial  products  and  in  all  sorts  of 
situations. 

Application 

-  Student  teams  design  and  test  a  model  that  demonstrates  a  possible  method  for  cleaning  up  oil  spills  on  water. 
Students  will  use  technological  problem-solving  skills  along  with  their  science  knowledge  and  research  skills. 
Students  should  also  be  able  to  economically  and  environmentally  critique  the  cleiui-up  method  they  are  modelling, 
including  how  people's  lives  are  affected,  positively  and  negatively  by  oil  spills  and  oil  spill  clean-up. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  112-7,  113-1 

-  Skills:  208-6,  209-7,  210-8,  210-16 

-  Knowledge:  307-2,  307-3 

-  Attitudes:  426,  427,  430,  434 


GRADE  7 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


Nature  of  science  and  technology 

1 09-  4    provide  examples  of  how  technologies  used  in  the  past  were  developed  through  trial  and  error  (e.g.,  provide 

examples,  such  as  the  choice  of  insukiting  materials,  the  use  of  air  space  in  homes  and  clothing 

or  the  development  of  bridge-building  techniques,  that  take  into  consideration  changes  in  temperature) 

110-  7    provide  examples  of  technologies  used  in  the  past  to  meet  human  needs  (e.g.,  provide  examples  such  as 

wood  stoves,  heated  bricks  and  rocks,  root  cellars,  woolen  garments,  ice-boxes,  and  ironing  blocks) 

Relationships  between  science  and  technology 

111-  5     describe  the  science  underlying  particular  technologies  designed  to  explore  natural  phenomena,  extend 

human  capabilities,  or  solve  practical  problems  (e.g.,  explain  how  a  thermos,  a  thermometer,  or  a 
thermocouple  functions;  compare  wind-chill  a)id  humidex  scales  to  indicate  perceived  temperatures) 

Social  and  environmental  contexts  of  science  and  technology 

112-  1     describe  how  an  individual  s  needs  can  lead  to  developments  in  science  and  technology  (e.g,  describe 

how  the  need for  protective  clothing  led  to  the  development  of  oven  mitts,  survival  suits,  and  ski  suits, 
or  how  the  need  for  home  comfort  led  to  the  development  of  air  conditioning,  central  heating,  and 
insulated  walls,  doors,  and  windows) 

identify  science-  and  technology-based  careers  in  their  community  (e.g.,  identify'  examples  such  as  window 
builders,  heating  systems  and  equipment  contractors,  and  boiler  engineers) 

analyze  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  its  impact  on  their  daily  lives 
(e.g,  describe  how  central  heating  or  air-conditioning  s)'stems  have  affected  their  lives) 

provide  examples  of  problems  that  arise  at  home,  in  an  industrial  setting,  or  in  the  environment  that  cannot 
be  solved  using  scientific  and  technological  knowledge  (e.g,  proinde  examples  such  as  the  unintended  f)eat 
loss  from  electrical  and  mechanical  dances,  including  motors,  electrical  gefjerators,  and  refrigerators) 


112-  9 

113-  4 
113-10 


Heat 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208-4    propose  alternative  solutions  to  a  given  practical  problem,  select  one,  and  develop  a  plan  (e.g.,  design 
and  construct  a  cooling  device) 

208-  8    select  appropriate  methods  and  tools  for  collecting  data  and  information  and  for  solving  problems 

(e.g.,  use  black  or  reflective  materials  to  study  heat  absorption:  observe  convection  currents  in 
liquids  using  a  glass  loop,  or  in  gases  using  a  box  and  chimney  apparatus) 

Performing  and  recording 

209-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g,  use  proper  techniques  in  reading  the 

scale  of  a  thermometer;  place  beads  of  wax  at  an  equal  distance  from  the  centre  of  a  conduction 
device) 

Analysing  and  interpreting 

210-  2     compile  and  display  data,  by  hand  or  computer,  in  a  variety  of  formats,  including  diagrams,  flow  charts, 

tables,  bar  graphs,  line  graphs,  and  scatter  plots  (e.g.,  plot  a  graph  shotving  the  decrease  in  temperature 
of  various  liquids  from  identical  initial  temperatures) 

210-1 1   state  a  conclusion,  based  on  experimental  data,  -.md  explain  how  evidence  gathered  supports  or  refutes  an 
initial  idea  (e.g.,  explain  how  the  evidence  of  convection  currents  in  fluids  supports  the  particle 
model  of  matter) 

210-12  identify  and  evaluate  potential  applications  of  findings  (e.g.,  ideritif)^  examples  such  as  the  application 
of  heat  transfer  principles  to  the  design  of  homes  and  protective  clothing) 

210-  13  test  the  design  of  a  constructed  device  or  system  (e.g.,  test  a  personally  constructed  solar  barbeaie 

or  cooling  device) 

Communication  and  teamwork 

211-  2     communicate  questions,  ideas,  intentions,  plans,  and  results,  using  lists,  notes  in  point  form,  sentences, 

data  tables,  graphs,  drawings,  oral  language,  luid  other  means  (e.g.,  present,  on  a  series  of  transparencies, 
the  steps  that  could  be  foUou^ed  to  test  the  effectiveness  of  the  heating  system  in  a  passive  solar  home) 


Heat 


Specific  learning  outconnes 


PHYSICAL  SCIENCE 


308-1 


compare  various  instruments  used  to  measure  temperature 

explain  temperature  using  the  concept  of  kinetic  energy  and  the  particle  model  of  matter 

explain  how  each  state  of  matter  reacts  to  changes  in  temperature 

explain  changes  of  state  using  the  particle  model  of  matter 

compare  transmission  of  heat  by  conduction,  convection,  and  radiation 

describe  how  various  surfaces  absorb  to  radiant  heat 

explain,  using  the  particle  model  of  matter,  differences  among  heat  capacities  of  some  common  materials 


Heat  is  a  form  of  energy  that  is  part  of  sUidenls'  lives  and  that  of  their  communities.  Students  should  have  an  opportunity 
to  explore  the  properties  of  heat  and  how  they  are  related  to  the  measurement  of  temperature.  The  particle  theory 
and  the  kinetic  molecular  theory  help  students  explain  their  observations  and  understand  both  the  relationship 
between  heat  and  temperature  and  the  concept  of  heat  capacity  on  a  qualitative  level.  This  illustrative  example 
emphasizes  the  relationships  between  science  and  technology. 


308-2 


308-3 


308-4 


308-7 


308-5 


308-6 


Exploration 

-  To  explore  the  effect  of  heat  on  the  physical  properties  of  different  materials,  students  examine  conductivity  in 
various  materials  such  as  wood,  steel,  copper,  and  aluminum. 


The  above  exploration  may  lead  to  the  following  question: 

How  do  we  use  the  properties  of  materials  to  design  tools  such  as  pots  and  pans,  hair  dryers,  and  thermometers? 
Development 

-  Students  examine  how  the  properties  of  materials  are  utilized  in  the  development  of  tools,  machines,  iuid  stnictures 
that  use  heat  energy;  such  as  a  hair  dryer,  Teflon  coating  on  cooking  pans  and  pots,  the  structure  and  properties  of 
drill  bits  that  enable  them  to  deal  with  the  heat  generated  in  driUing,  and  thermometers  designed  to  measure  very 
high  and  very  low  temperatures. 

-  Students  experiment  with  bimetalhc  strips  to  collect  data  on  the  rate  of  distortion  of  the  strips  when  they  are 
exposed  to  a  range  of  heat  sources  such  as  room  temperature,  ice,  a  candle,  and  a  hot  plate. 

Application 

-  Students  design  a  thermometer  that  can  be  cahbrated  to  measure  a  range  in  temperature. 

-  Students  discuss  how  a  bimetallic  thermometer  could  be  adapted  for  measuring  other  energy  levels,  such  as  the 
temperature  of  dry  ice,  outer  space,  molten  iron,  or  lava. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attiiin  the  following  learning  outcomes: 

-  STSH:  111-5,  112-1 

-  Skills:  208-8,  209-3,  210-11,  210-13 

-  Knowledge:  308-1 

-  Attitudes:  423,  434 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STSE 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

109-  7     identify  different  approaches  taken  to  answer  questions,  solve  problems,  and  make  decisions  (e.g.,  identify 

approaches  such  as  trial-and-error  prospecting  i^sus  core  sampling,  and  extending  local  concltisions 
togbbal proportions  versus  confining  interpretations  to  local  or  regional  situations) 

110-  1     provide  examples  of  ideas  and  theories  used  in  the  past  to  explain  natural  phenomena  (e.g.,  provide 

examples  such  as  mythological  gods  responsible  for  natural  phenomena,  meteoric  origins  of  Earth 
materials,  and  the  classical  Greek  view  of  the  four  basic  elements) 

110-  4    describe  examples  of  how  scientific  knowledge  has  evolved  in  light  of  new  evidence  (e.g.,  describe  how 

analysis  of fossils  has  contributed  to  our  knowledge  of  life  in  the  past) 

Relationships  between  science  and  technology 

111-  2     provide  examples  of  technologies  used  in  scientific  research  (e.g.,  provide  examples  such  as  satellite 

imaging,  the  seismograph,  the  magnetometer,  and  core  sample  drilling) 

Social  and  environmental  contexts  of  science  and  technology 

112-  7     provide  examples  of  how  science  and  technology  affect  their  lives  and  their  community  (e.g.,  provide 

examples  such  as  erosion  dangers,  use  of  Earth  materials  in  construction,  use  of  hydrocarbon  fuels, 
earthquake  readiness,  and  the  climatic  effects  of  volcanic  eruptions) 

112-  12  provide  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  provide  examples  such  as 

studies  undertaken  by  the  Geological  Survey  of  Canada  and  the  Canadian  Institute  of  Mining  and 
Metallurgy) 

113-  7     suggest  solutions  to  problems  that  arise  from  applications  of  science  and  technology,  taking  into  account 

potential  advantages  and  disadvantages  (e.g.,  suggest  solutions  to  problems  or  issues  such  as  mining 
tailings  and  pollutants;  reclamation  of  open  pit  mining  sites;  the  ecobgical  impact  of pipelines; 
resource  depletion;  erosion  due  to  forestry^  mining,  and  agriculture;  and  urbanization) 


Earth's  crust 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208-  2     identify  questions  to  investigate  arising  from  practical  problems  and  issues  (e.g.,  identify  questions  such 

as  'What  types  of  rocks  are  best  for  cement-making  or  road  construction.^ "  and  IVhy  are  there 
environmental  problems  with  open-pit  mining.^") 

Performing  and  recording 

209-  2     estimate  measurements  (e.g.,  estimate  the  thickness  of  sedimentar}'  layers  or  the  portions, 

in  fractions,  of  various  soil  constituents) 

209-  4    organize  data  using  a  format  that  is  appropriate  to  the  task  or  experiment  (e.g.,  organize  the  results 

of  mineral  identification;  prepare  an  exhibit  demonstrating  volcanic  activity) 

Analysing  and  interpreting 

210-  1     use  or  construct  a  classification  key  (e.g.,  elaborate  a  classification  scheme  for  rocks  and  minerals) 

210-6  interpret  patterns  and  trends  in  data,  and  infer  and  explain  relationships  among  the  variables  (e.g.,  explain 
the  reUitionship  between  catastrophic  ei^ents  and  the  contact  areas  of  tectonic  plates) 

210-12  identify  and  evaluate  potential  applications  of  findings  (e.g.,  identify  examples  such  as  the  application 
of  the  knowledge  of  earthquakes  to  the  deielopment  cf  building  specifications) 

210-  13  test  the  design  of  a  constructed  device  or  system  (e.g.,  determine  the  effectiveness  of  a  froth  flotation 

system  to  separate  certain  minerals  from  rocks) 

Communication  and  teamwork 

211-  3     work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems  as 

they  arise  (e.g.,  each  group  member  is  assigned  a  specific  aspect  of  a  study  on  the  impact  of  mining 
on  a  community,  and  then  all  members  of  the  group  are  required  to  integrate  their  individual 
findings  into  one  overall  presentation) 

211-4  evaluate  individual  and  group  processes  used  in  planning,  problem  solving,  decision  making,  and  completing 
a  task  ( e.g. ,  evaluate  the  relative  success  and  scientific  merits  of  an  Earth  science  field  trip  that  was 
organized  and  guided  by  themselves) 


Earth's  crust 


KNOWLEDGE 

It  is  expected  that  students  will..,  \ 


310-1  describe  the  composition  of  Earth's  crust 

310-2  classify  rocks  and  minerals  based  on  their  characteristics  and  method  of  formation 

310-  3  classify  various  types  of  soil  according  to  their  characteristics,  and  investigate  ways  to  enrich  soils 

311-  1  explain  the  processes  of  mountain  formation  and  the  folding  and  faulting  of  Earth's  surface 
311-2  explain  various  ways  in  which  rock  can  be  weathered 

311-3  relate  various  meteorological,  geological,  and  biological  processes  to  the  formation  of  soils 

311-4    examine  some  of  the  catastrophic  events,  such  as  earthquakes  or  volcanic  eruptions,  that  occur  on  or 
near  Earth's  surface 

311-5     analyse  data  on  the  geographical  and  chronological  distribution  of  catastrophic  events  to  determine  patterns 
and  trends 

311-6     develop  a  chronological  model  or  time  scale  of  major  events  in  Earth's  historv 


Specific  learning  outconnes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Knowledge  of  the  Earth  is  rapidly  growing  as  new  methods  and  technologies  are  developed  to  study  the  components 
and  dynamics  of  the  Earth's  crust.  As  students  develop  an  understanding  of  the  dynamics  of  geological  systems  and 
events,  they  are  better  able  to  explain  and  make  connections  between  the  theories  of  Earth  science  and  their  own 
experiences  with  local  geology.  This  illustrative  example  emphasizes  the  relationships  between  science  and  technology 
and  the  unifying  concept  of  change  and  constancy. 

Exploration 

-  Students  examine  a  model  illustrating  the  internal  structure  of  the  Earth.  They  then  provide  possible  explanations 
for  how  evidence  was  collected  to  support  such  a  model. 

The  above  exploration  may  lead  to  the  following  question: 

How  have  certain  Earth-science-related  technologies  led  to  a  better  understanding  of  the  Earth's  crust? 
Development 

-  Students  explain  historical  and  current  applications  of  technologies  that  have  allowed  scientists  to  study  geological 
features  and  resources,  such  as  surface  observation,  core  sampling,  seismography,  magnetometers,  and  satellite 
technologies  used  to  identify  and  quantify  geological  features  and  resources. 

-  Students  design  models  of  specific  geological  profiles  and  features  using  coloured  modelling  clay  to  determine 
and  justify  which  technology  would  best  be  used  to  collect  specific  information. 

Application 

-  In  research  teams,  students  use  a  \ariel\  of  resources  to  prepare  a  report  on  the  historical  development,  tlieories, 
principles,  and  applications  of  technologies  used  to  study  and  identify  resources  found  in  the  Earth's  crust, 

-  Working  in  small  groups,  students  use  coloured  modelling  clay  to  represent  the  strata  of  a  fictional  geological 
profile.  A  plastic  straw  could  be  used  to  simulate  a  core  sampHng,  allowing  students  to  sample,  determine,  and 
demonstrate  the  types  and  depths  of  specific  strata  within  a  formation.  This  procedure,  if  repeated,  could  give 
a  geological  profile  of  a  fictional  region,  which  the  students  can  then  map. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  111-2 

-  Skills:208-2,  209-4,  211-3,  211-4 

-  Knowledge:  310-1 

-  Attitudes:  426,  428,  431 


Specific  learning  outcomes 


LIFE  SCIENCE 


Cells,  tissues,  organs,  and  systems 


STS  E 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

109-13 


110-2 


110-5 


explain  the  importance  of  choosing  words  that  are  scientifically  or  technologically  appropriate 
(e.g.,  explain  that  it  is  important  to  use  proper  terms  like  cell  membrane''  and  cell  wall"  to  help 
distinguish  between  types  of  cells) 

distinguish  between  ideas  used  in  the  past  and  theories  used  today  to  explain  natural  phenomena 
(e.g.,  compare  the  early  idea  that  living  organisms  were  made  of  air,  fire,  and  water  with  the 
modem  cell  theor}') 

illustrate  examples  of  conflicting  evidence  for  similar  scientific  questions  (e.g.,  provide  examples  such 
as  the  nature  versus  nurture  debate,  the  risks  of  cancer  associated  with  certain  substances,  and  the 
possibility  of  the  regeneration  of  nerve  cells) 


Relationships  between  science  and  technology 

111-  5     describe  the  science  underlying  particular  technologies  designed  to  explore  natural  phenomena, 

extend  human  capabilities,  or  solve  practical  problems  (e.g.,  describe  how  the  knowledge  of  diffusion 
and  solutions  is  important  in  the  design  of  the  dialysis  machine,  or  how  the  knowledge  of  pumps, 
pressure,  and  the  functioning  of  the  heart  are  applied  in  the  construction  of  artificial  hearts) 

Social  and  environmental  contexts  of  science  and  technology 

112-  2     describe  how  a  community's  needs  can  lead  to  developments  in  science  and  technology  (e.g.,  describe 

how  the  need  for  blood  for  transfusions  led  to  the  establishment  of  blood  banks,  or  hoiv  lifestyle 
changes  have  led  to  the  development  of  fitness  equipment  and  the  establishment  of  fitness  centres) 

112-  10  provide  examples  of  science-  and  technology-based  careers  in  their  province  or  territory  (e.g.,  provide 

examples  such  as  lab  and  X-ray  technicians,  physiotherapists,  nutritionists,  and  public  health  nurses) 

1 1 3-  8     make  informed  decisions  about  applications  of  science  and  technology,  taking  into  account  personal 

and  social  advantages  and  disadvantages  (e.g.,  decide  to  exercise  or  stop  smoking  based  on  data  from 
scientific  research;  sign  an  organ-donor  card) 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

208-  1     rephrase  questions  in  a  testable  form  and  clearly  define  practical  problems  (e.g.,  rephrase  a  question 

such  as  "Does  lifestyle  have  an  effect  on  phy^sical  fitness?"  to  "How  does  a  smoker  's  lung  capacity 
compare  to  that  of  a  nonsmokerF'[) 

Performing  and  recording 

209-  2     estimate  measurements  (e.g.,  estimate  the  number  of  cells  in  a  petri  dish  or  in  a  colony,  based 

on  samples  taken  from  the  total  population) 

209-3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  use  a  microscope  appropriately 
to  produce  a  clear  image  of  cells) 

209-  4    organize  data  using  a  format  that  is  appropriate  to  the  task  or  experiment  (e.g.,  present  on  the  same 

graph  the  theoretical  results  and  the  estimated  actual  results  of  cell  division  over  time) 

Analysing  and  interpreting 

210-  7    identify,  and  suggest  explanations  for,  discrepancies  in  data  (e.g.,  explain  variations  in  the  heart  rate 

or  blood  pressure  of  the  same  individual  at  differen  t  times  during  the  day) 

Communication  and  teamwork 

211-  4    evaluate  individual  and  group  processes  used  in  planning,  problem  solving,  decision  making,  and 

completing  a  task  (e.g.,  evalimte  the  group  processes  involved  in  designing  and  dei^loping  a  pamphlet 
that  describes  the  proper  functioning  of  an  organ  or  system) 


Cells,  tissues,  organs,  and  systems 

Specific  learning  outcomes 

1  GRADE  8 

LIFE  SCIENCE 

KNOWLEDGE 

ILLUSTRATIVE  EXAMPLE 

expected  that  students  will. . . 

304-4 
304-5 
304-6 
304-7 


illustrate  and  explain  that  the  cell  is  a  living  system  that  exhibits  all  the  characteristics  of  life 

distinguish  between  plant  and  animal  cells 

explain  that  growth  and  reproduction  depend  on  cell  division 

explain  structural  and  functional  relationships  between  and  among  cells,  tissues,  organs,  and  systems 
in  die  human  bodv 


relate  the  needs  and  functions  of  various  cells  and  organs  to  the  needs  and  functions  of  the  human 
organism  as  a  whole 

describe  the  basic  factors  that  affect  the  functions  and  efficiency  of  the  human  respiratory,  circulatory, 
digestive,  excretorv;  and  nervous  systems 


304-8 
304-9 

304- 1 0  describe  examples  of  the  interdependence  of  various  systems  of  the  human  body 


In  previous  explorations  of  hving  things,  students  will  have  encountered  the  cell  as  a  basic  building  block  and 
functional  unit  of  life.  At  this  level,  these  notions  are  expanded  in  a  more  rigorous  fashion  to  ensure  that  students 
understand  the  cell's  critical  importance  to  all  life.  These  new  understandings  allow  students  to  study  the  human 
organism  from  a  hohstic  perspective.  The  following  illustrative  example  emphiLsizes  the  nature  of  science  and 
technology  and  the  social  and  environmental  contexts  of  science  and  technology  in  a  combined  fashion,  as  well  as 
the  unifying  concept  of  systems  and  interactions. 

Exploration 

-  Students  are  asked  to  brainstorm  collectively  about  the  fundamental  needs  of  living  things,  and  encouraged 
to  reflect  on  their  past  studies  of  various  types  of  life  forms. 

-  Students  imagine  and  explain  what  would  be  the  most  essential  parts  of  a  robot  that  seeks  to  do  everything 
a  human  being  does.  Within  groups,  various  diagrams  of  robot  bodies  could  be  constructively  critiqued, 
and  inferences  about  the  essential  functions  of  a  human  being  could  be  summarized. 

The  above  exploration  may  lead  to  the  following  question: 

How  can  a  microorganism  or  a  tree  be  as  "alive"  as  a  human  being? 

Development 

-  Students  prepare  a  Venn  diagram  to  illustrate  the  similarities  and  differences  in  the  structure  and  physiology^ 
of  a  single  cell  and  a  multicellular  organism.  Videos,  animated  presentations,  or  software  could  assist  students 
in  developing  their  diagrams. 

-  Given  hypothetical  cell  size,  rate  of  cellular  division,  and  cellular  mortality,  students  calculate  how  much  tissue 
one  cell  can  generate  in  a  specified  period  of  time.  This  type  of  mathematical  problem  can  be  repeated  with 
increasing  complexity,  to  demonstrate  variability  in  tissue  growth  or  to  familiarize  students  with  the  consequenses 
of  cancer. 


Application 

-  A  group  of  students  showcase  a  pla\  they  have  researched  luul  authored  themsehes  on  various  key  moments 

in  the  development  of  modern  cell  theory  and  its  medical  consequences.  The  audience  could  be  their  classmates, 
to  challenge  the  creators  to  make  the  play  relevant  to  their  audience. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  109-13,  112-10 

-  Skills:  208-1,  209-2,  209-4,  211-4 

-  Knowledge:  304-4 

-  Attitudes:  422,  428,  430 


GRADE  8 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STSE 

It  is  expected  tha 


Nature  of  science  and  technology 

109-5     describe  how  technologies  develop  as  a  systematic  trial-and-error  process  that  is  constrained  by  the 
properties  of  materials  and  the  laws  of  nature  (e.g.,  describe  the  dei^elopment  of  technologies  such 
as  microscopes,  telescopes,  reading  glasses,  and  contact  lenses) 

109-1 0  relate  personal  activities  in  formal  and  informal  settings  to  specific  science  disciplines  (e.g.,  relate  specific 
activities  to  scientific  disciplines,  such  as  ohsennng  stars  with  a  telescope  to  the  study  of  optics, 
and  using  a  short  wave  radio  to  the  study  of  phy^sics) 

1 09- 1 3  explain  the  importance  of  choosing  words  that  are  scientifically  or  technologically  appropriate  (e.g.,  show 
the  consequences  of  not  using  proper  terms  like  ''incidence, "  "reflection, "  "wavelength, "  and 
'frequenc)^") 

Relationships  between  science  and  technology 

111-  3     provide  examples  of  technologies  that  have  enabled  scientific  research  (e.g.,  provide  examples  such  as 

lasers,  which  have  enabled  research  in  the  fields  of  medicine  and  electronics;  microscopes,  which 
have  enabled  research  in  medicine,  forensics,  and  microbiolog}';  and fibre  optics  and  the  endoscope, 
which  have  facilitated  medical  research) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 2-  8     provide  examples  to  illustrate  that  scientific  and  technological  activities  take  place  in  a  variety  of  individual 

or  group  settings  (e.g.,  provide  examples  such  as  lens  makers  who  work  alone  and  astronomers  who 
work  in  teams) 

113-  2     describe  possible  positive  and  negative  effects  of  a  particular  scientific  or  technological  development, 

and  explain  how  different  groups  in  society  may  have  different  needs  and  desires  in  relation  to  it  (e.g.,  describe 
effects  such  as  the  impact  on  the  speed  of  communication  and  on  eyesight  of  using  computers, 
and  compare  how  businesses  and  students  use  computers) 

113-5    analyse  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  identified  criteria  such  as  cost  and 
impact  on  daily  life  and  the  community  (e.g.,  analyse  the  design  of  microwave  ovens  or  sun-tanning 
lamps,  and  the  way  they  function,  based  on  their  cost,  usefulness,  and  impact) 


Optics 


Initiating  and  planning 

208-1     rephrase  questions  in  a  testable  form  and  clearly  define  practical  problems  (e.g.,  rephrase  questions 

such  as  "What  is  the  angle  of  refraction  of  light  in  water?'  to  "Do  all  liquids  refract  light  equally?') 

208-2     identify  questions  to  investigate  arising  from  practical  problems  and  issues  (e.g.,  identify  questions  such  as 
"How  are  corrective  lenses  crafted?"  and  "Wh)^  does  sunlight  bleach  materials?') 

208-5  state  a  prediction  and  a  hypothesis  based  on  background  information  or  an  observed  pattern  of  events 
(e.g.,  predict  the  effect  of  a  dense  liquid  on  the  angle  of  refraction  of  light) 

208-  8     select  appropriate  methods  and  tools  for  collecting  data  and  information  and  for  solving  problems 

(e.g.,  select  tools  such  as  mirrors,  lenses,  prisms,  and  half  moon  water  boxes) 

Performing  and  recording 

209-  2     estimate  measurements  (e.g.,  estimate  light  intensity,  and  angles  of  incidence  and  refection ) 

209-  6    use  tools  and  apparatus  safely  (e.g,  use  lasers  appropriately  and  consider  potential  dangers  related 

to  the  use  of  various  devices  producing  electronuignetic  radiations,  such  as  microwave  ovens  and 
ultraviolet  lamps) 

Analysing  and  interpreting 

210-  9    calculate  theoretical  values  of  a  variable  (e.g.,  calculate  theoretical  values  such  as  wavelengths 

and frequencies) 

210-11  state  a  conclusion,  based  on  experimental  data,  and  explain  how  evidence  gathered  supports  or  refutes 
an  initial  idea  (e.g,  conclude  that  solutes  in  water  afiect  refraction,  and  explain  the  effect  of  various 
concentrations  of  solutes  on  diffraction) 

210-  16  identify  new  questions  and  problems  that  arise  from  what  was  learned  (e.g,  identify  issues  such  as  how 

they  can  protect  themselves  against  electromagnetic  radiation) 

Communication  and  teamwork 

211-  1     receive,  understand,  and  act  on  the  ideas  of  others  (e.g.,  act  on  the  suggestions  of  others,  such  as  to 

try^  other  lenses  or  mirror  and  prism  combinations  to  obtain  various  light  patterns) 

211-5     defend  a  given  position  on  an  issue  or  problem,  based  on  their  findings  (e.g.,  prepare  a  brochure 
informing  the  public  about  the  risks  of  a  specific  electronuignetic  radiation) 


Optics 


KNOWLEDGE 


308-8     identify  and  describe  properties  of  visible  light 

308-9     describe  the  laws  of  reflection  of  visible  hght  and  their  applications  in  everyday  life 
308- 1 0  describe  qualitatively  how  visible  Hght  is  refracted 

308-1 1   describe  difl'erent  types  of  electromagnetic  radiation,  including  infrared,  ultraviolet,  X-rays,  microwaves, 
and  radio  waves 

308- 1 2  compare  properties  of  visible  light  to  the  properties  of  other  types  of  electromagnetic  radiation,  including 
infrared,  ultraviolet,  X-rays,  microwaves,  and  radio  waves 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


181 


Apphcations  using  the  principles  of  hght  have  resulted  in  devices  that  have  improved  scientific  techniques  and 
contributed  to  the  quality  of  life.  An  introduction  to  some  basic  concepts  of  these  two  forms  of  energy  will  help 
students  understand  how  light  is  produced,  transmitted,  and  detected  by  the  senses.  It  will  also  enable  them  to 
explain  how  some  devices,  like  a  CD  player  and  lenses,  function.  This  illustrative  example  emphasizes  the  nature 
of  science  and  technology  and  the  unifying  concept  of  energy. 

Exploration 

-  Students  identify  optical  devices  that  make  use  of  mirrors,  such  as  cameras,  periscopes,  and  telescopes. 
Using  diagrams  of  these  devices,  students  suggest  how  Hght  travels  within  the  device. 

The  above  exploration  may  lead  to  the  following  question: 

How  are  the  laws  of  reflection  for  visible  light  utilized  in  technological  devices? 

Development 

-  Students  are  to  design  and  test  a  security^  system  that  would  allow  the  manager  of  a  music  store  to  constantly 
monitor  the  inventory  of  CDs  and  tapes  from  her  office  using  carefully  mounted  mirrors  and  a  video  camera. 
For  example,  use  a  ray  box  and  plane  mirror  to  indicate  the  placement  of  a  mirror  so  as  to  maintain  constant 
surveillance  on  a  particular  area.  For  thai  location,  use  a  ray  box,  a  plane  mirror,  and  the  measured  angles  of 
incidence  and  reflection  to  demonstrate  the  camera  s  ability  to  cover  the  expected  viewing  area. 

Application 

-  Students  explain  how  different  curved  mirrors  are  used  as  cosmetic  mirrors,  and  as  rear-  and  side-view  mirrors 
in  vehicles. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  109-5,  109-10,  109-13 

-  Skills:  208-2,  209-6,  211-1 

-  Knowledge:  308-9,308-10 

-  Attitudes:  426,  428,  434 


E 


GRADE  8 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


1 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

109-2     describe  and  explain  the  role  of  collecting  evidence,  finding  relationships,  proposing  explanations, 

and  imagination  in  the  development  of  scientific  knowledge  (e.g.,  indicate  that  the  particle  model  of 
matter  helps  explain  variation  in  viscosity  of fluids,  and  that  finding  relationships  between  density 
or  pressure  and  change  in  temperature  provides  insights  into  practical  uses  for  fluids) 

109-1 0  relate  personal  activities  in  formal  and  informal  settings  to  specific  science  disciplines  (e.g.,  relate  fluid 
dynamics  to  using  motor  oils  of  varying  viscosity  during  different  seasons,  and  explain  the  nay 
spray  cans,  car  brakes,  hydraulic  lifts,  pumps,  body  organs,  and  decompression  chambers  function) 

Relationships  between  science  and  technology 

111-  1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the  development  of  technologies  (e.g.,  proinde 

examples  such  as  the  understanding  of  buoyancy  and  density,  which  has  led  to  the  development  of 
personal flailing  deinces,  a  variety  of  water  and  surfing  craft,  and  gliders;  and  the  understanding  of 
pressure,  which  has  led  to  the  development  of  research  submersibles,  diving  equipment,  pumps, 
tires,  and  vacuum  cleaners) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 2-  7     provide  examples  of  how  science  and  technology  affect  their  lives  and  their  community  (e.g.,  provide 

examples  such  as  braking  systems,  hy^draulic  devices,  bicycle  tires,  and  diving  equipment) 

112-  12  provide  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  provide  examples  such  as 

the  Pisces  IV  submersible,  the  Hibernia  platform,  and  oil  rigs) 

113-  5     analyse  the  design  of  a  technology  and  the  way  it  hanctions  on  the  basis  of  identified  criteria  such  as  cost 

and  impact  on  daily  fife  and  the  community  (e.g.,  analyse  the  design  of  a  pipeline,  taking  into  account 
its  environmental  and  economic  impact) 

113-12  propose  a  course  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  personal 
and  community  needs  (e.g.,  propose  a  model  for  the  installation  and  maintenance  of  irrigation  pipes 
to  an  arid  site,  including  a  profile  of  the  water  source  and  the  method  used  to  ensure  the  movement 
and  control  of  water) 


SKILLS 

It  15  expected  that  students  will.. 


Initiating  and  planning 

208-2     identify  questions  to  investigate  arising  from  practical  problems  and  issues  (e.g.,  identifi  questions  such 
as  'What  factors  affect  the  amount  of  cargo  a  barge  can  hold.''") 

208-  6    design  an  experiment  and  identify  major  variables  (e.g.,  design  an  experiment  to  find  the  optimal 

viscosity  of  a  milk  shake  for  a  particular  size  straw,  and  control  variables  such  as  stratv  diameter 
refrigeration  temperature,  and  fat  content  in  milk) 

Performing  and  recording 

209-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  calibrate  a  dynamometer;  carefully 

lower  a  hydrometer  into  a  container  so  as  not  to  break  it) 

209-  7     demonstrate  a  knowledge  of  WHMIS  standards  by  using  proper  techniques  for  handling  and  disposing 

of  lab  materials  (e.g.,  dispose  of  oils  in  specified  containers  rather  than  pouring  them  down  the 
drain;  test  the  specific  gravity  of  the  acid  in  a  car  battery,  in  a  fume  hood) 

Analysing  and  interpreting 

210-  7     identify,  and  suggest  explanations  for,  discrepancies  in  data  (e.g.,  suggest  explanations  for  discrepancies 

in  data,  such  as  the  measurement  of  the  volume  of  irregular  objects  by  water  displacement) 

210-8     apply  given  criteria  for  evaluating  evidence  and  sources  of  information  (e.g.,  test  a  prototype  in  a  variety 
of  situations  to  ensure  that  the  results  were  not  due  to  chance) 

210-12  identify  and  evaluate  potential  applications  of  findings  (e.g.,  drain  the  oil  from  a  Uiwnmower  when  it  is 
hot,  to  ensure  maximum  capture) 

210-14  identify  and  correct  practical  problems  in  the  way  a  prototype  or  constructed  device  functions  (e.g.,  adjust 
the  length  of  the  rubber  band  of  a  dynamometer  they  have  constructed  themselves  to  get  accurate 
readings:  change  the  placement  of  a  valve  in  a  pumping  mechanism) 

Communication  and  teamwork 

21 1  -3  work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems  as 
they  arise  (e.g.,  consider  alternative  ideas  suggested  by  group  members  on  ways  to  reduce  friction 
in  a  liquid  circulation  system) 


Fluids 


KNOWLEDGE 

It  is  expected  that  students  will... 


307-6     compare  the  viscosity  of  various  liquids 

307-7     describe  factors  that  can  modify  the  viscosity  of  a  liquid 

307-8    describe  the  relationship  between  the  mass,  volume,  and  density  of  solids,  liquids,  and  gases  using  the 
particle  model  of  matter 

307-9     explain  the  effects  of  changes  in  temperature  on  the  density  of  sohds,  hquids,  and  gases  and  relate  the 
results  to  the  particle  model  of  matter 

307- 1 0  describe  situations  in  daily  Ufe  where  the  density  of  substances  naturally  changes  or  is  intentionally  altered 

307- 1 1  analyse  quantitatively  the  density  of  various  substances 

309- 1  describe  qualitatively  the  relationship  between  mass  and  weight 

309-2  describe  the  movement  of  objects  in  terms  of  balanced  and  unbalanced  forces 

309-3  describe  quantitatively  the  relationship  between  force,  area,  and  pressure 

309-4  explain  qualitatively  the  relationship  between  pressure,  volume,  and  temperature  when  liquid  and  gaseous 
fluids  are  compressed  or  heated 


Specific  learning  outcomes 


GRADE  8 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


183 


Fluids,  including  air  and  water,  are  essential  in  most  industrial  processes.  They  form  the  basis  of  hydraulic  and  pneumatic 
devices  and  machines.  Students  explore  the  properties  of  fluids,  including  viscosity  and  density,  and  explain  them 
using  the  particle  theory.  They  also  have  an  opportimity  to  understand  the  buoyant  forces  acting  on  floating,  submerged, 
and  sunken  objects.  As  students  conduct  their  investigations,  they  will  recognize  the  practical  applications  of  the 
properties  of  fluids  in  the  operation  of  simple  machines.  This  iUustrative  example  emphasizes  the  social  and 
environmental  contexts  of  science  and  technology. 

Exploration 

After  a  demonstration  of  how  a  ball  of  clay  sinks  when  placed  in  water,  students  are  challenged  to  modify  the  clay  so 
that  it  floats.  Students  are  then  invited  to  suggest  possible  explanations  for  why  the  clay  now  floats. 

The  above  exploration  may  lead  to  the  following  question: 

What  shape  of  barge  can  be  designed,  using  a  fixed  amount  of  material,  to  carry  the  greatest  amount  of  cargo? 
Development 

-  To  investigate  buoyant  forces,  students  design  and  construct  a  barge,  using  a  fixed  amount  of  materiid. 

-  Students  compare  the  densities  of  the  various  barges  that  were  designed  and  evaluate  their  barge  on  the  basis 
of  these  comparisons  and  the  mass  of  cargo  it  can  carry  and  still  float. 

Application 

-  Students  provide  and  explain  other  examples,  Uke  hot-air  balloons,  which  utilize  buoyant  forces. 

-  Students  research  some  medical  or  industrial  applications  of  fluid  principles  in  tlieir  community.  For  example, 
doctors  measure  blood  pressure  with  sphygmomanometers. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  die  following  learning  outcomes: 

-  STSE:  112-7,  113-5 

-  Skills:  208-6,  210-8,  210-14,  211-3 

-  Knowledge:307-10,  309-2,  309-3 

-  Attitudes:  422,  428,  431 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STSE 

It  is  expected  that  students  will 


Nature  of  science  and  technology 

109-  8     describe  scientific  inquiry,  problem  solving,  and  decision  making,  and  provide  examples  where  they  may 

be  applied  (e.g.,  assess  data  to  elaborate  conclusions  on  ocean  characteristics  and  activities,  or  data 
on  various  technological  attempts,  such  as  piers,  jetties,  breakwaters,  dykes,  dune  vegetation,  and 
coastline  reconfiguration,  to  contain  damage  due  to  waves  and  tides) 

1 1 0-  8     describe  examples  of  how  technologies  have  been  improved  over  time  (e.g.,  provide  examples  such  as 

boats,  subnmrines,  lighthouses,  fishing  nets,  and  deep  sea  diving) 

Relationships  between  science  and  technology 

111-  3     provide  examples  of  technologies  that  have  enabled  scientific  research  (e.g.,  provide  examples  such  as 

sonar,  core  sampling,  satellite  imaging,  bathyscaphes,  tracking  devices,  and  underwater  photography 
and  videography) 

111-  6     apply  the  concept  of  systems  as  a  tool  for  interpreting  the  structure  and  interactions  of  natural  and 

technological  systems  (e.g.,  compare  components  of  an  aquarium  or  a  large  swimming  pool  to  those 
of  a  lake  or  an  ocean;  relate  ocean  floor  topography  and  depth  to  temperature  and  currents) 

Social  and  environmental  contexts  of  science  and  technology 

112-  5     provide  examples  of  pubhc  and  private  Canadian  institutions  that  support  scientific  and  technological 

research  and  endeavours  (e.g.,  provide  examples  such  as  marine  research  institutes,  universities, 
federal  and  provincial  government  departments,  and  ecological  groups) 

113-  2     describe  possible  positive  and  negative  effects  of  a  particular  scientific  or  technological  development, 

and  explain  how  different  groups  in  society  may  have  different  needs  and  desires  in  relation  to  it 
(e.g.,  describe  the  effects  of  oil  rigs  on  the  ocean  floor  and  point  out  related  issues  particular 
to  oil  companies  and  fishers) 

113-10  provide  examples  of  problems  that  arise  at  home,  in  an  industrial  setting,  or  in  the  environment  that  cannot 
be  solved  using  scientific  and  technological  knowledge  (e.g.,  provide  examples  such  as prevmting 
hurricanes,  iceberg  drifts,  pollutant  dispersion  in  the  open  sea,  and  polar  icecap  fluctuations) 


1 


Water  systems  on  Earth 


SKILLS 

f  is  expected  that  students  will.. 


Initiating  and  planning 


208-4 


208-6 


propose  alternative  solutions  to  a  given  practical  problem,  select  one,  and  develop  a  plan  (e.g.,  design 
different  breakwaters  to  protect  a  shoreline) 

design  an  experiment  and  identify  major  variables  (e.g.,  compare  the  density  and  buoyancy  of  fresh  water 
and  sea  water) 


Performing  and  recording 

209-  5     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  summarize  information  on  the  topographic  features  of  an  ocean) 

Analysing  and  interpreting 

210-  3     identify  strengths  and  weaknesses  of  different  methods  of  collecting  and  displaying  data  (e.g.,  identify 

strengths  and  weaknesses  of  technologies  used  to  map  the  sea  floor) 

210-4  predict  the  value  of  a  variable  by  interpolating  or  extrapolating  from  graphical  data  (e.g.,  predict  plankton 
densities,  heights  of  tides,  and  the  ratio  of present  fishing  quotas  to  the  future  stock  of  a  species  by 
interpolating  or  extrapolating  from  a  graph) 

210-6    interpret  patterns  and  trends  in  data,  and  infer  and  explain  relationships  among  the  variables  (e.g.,  relate 
ocean  currents  to  coastal  climates,  and  the  severity  of  erosion  to  the  type  of  shoreline) 

210-  16  identify  new  questions  and  problems  that  arise  from  what  was  learned  (e.g.,  identify  questions  such 

as  the  follouing:  "Can  ocean  currents  be  modified.^"  "Is  kelp  a  viable  source  of  food?"  "Is  pollution 
in  the  ocean  a  severe  problem?"  How  would  icecap  melting  change  Canadian  coastlines?") 

Communication  and  teamwork 

211-  2     communicate  questions,  ideas,  intentions,  plans,  and  results,  using  lists,  notes  in  point  form,  sentences, 

data  tables,  graphs,  drawings,  oral  language,  and  other  means  (e.g.,  prepare  a  multimedia  presentation 
on  the  effect  of  t  ides  on  Canadian  shores) 

211-4     evaluate  individual  and  group  processes  used  in  panning,  problem  solving,  decision  making,  and  completing 
a  task  (e.g.,  discuss  the  advantages  and  disadvantuges  of  researching,  as  a  group,  ocean  fauna  and Jhra) 


Water  systems  on  Earth 


KNOWLEDGE 

It  is  expected  that  students  will... , 


311-7  describe  processes  that  lead  to  the  development  of  ocean  basins  and  continental  drainage  systems 

311-8  analyse  factors  that  affect  productivity  and  species  distribution  in  marine  and  fresh  water  environments 

311-9  describe  the  interactions  of  the  ocean  currents,  winds,  and  regional  chmates 

311-10  explain  how  waves  and  tides  are  generated  and  how  they  interact  mih  shorelines 

311-11  describe  processes  of  erosion  and  deposition  that  result  from  wave  action  and  water  flow 

311-12  describe  factors  that  affect  glaciers  and  polar  icecaps,  and  describe  their  consequent  effects  on  the 
environment 


Specific  learning  outcomes 


GRADE  8 


EARTH  AND  SRACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Over  two  thirds  of  the  Earth's  surface  is  covered  by  oceans  and  freshwater  features.  A  study  of  the  Earth's  marine  and 
freshwater  systems  provides  opportunity  for  students  to  learn  about  the  relationship  between  the  geomorphology 
of  the  Earth,  and  the  dynamics  of  oceans  and  freshwater  basins.  As  students  develop  these  understandings,  they 
should  be  able  to  explain  how  these  geological  fc*atures  have  developc^d  and  their  impact  on  society.  This  illustrative 
example  emphasizes  the  social  and  environmental  contexts  of  science  and  technology  and  the  unifying  concept  of  change 
and  constancy. 

Exploration 

-  Students  identify  geological  formations  that  occur  in  the  oceans,  such  as  sea  mounts,  continental  shelves,  and  trenches, 
to  explain  their  local  or  global  importance  to  society,  such  as  the  Grand  Banks,  Arctic  polynyas,  Pacific  coast  of  Canada. 

-  From  a  videotape  demonstrating  the  North  Sea,  Hybemia,  or  Beaufort  Sea  oil  rig  technologies,  students  discuss 
the  technologies  used  to  extract  and  secure  oil  and  natural  gas  from  the  ocean  floor. 

The  above  exploration  may  lead  to  the  following  question: 
How  can  we  extract  natural  resources  from  oceans  responsibly? 

Development 

Students  identify  situations  where  the  risks  and  benefits  of  exploiting  resources  from  the  ocean  floor  have  to  be 
carefully  considered. 

-  Students  investigate  the  physical  features  and  characteristics  of  sea  mounts,  continental  shelves,  and  trenches 
to  determine  the  risks  associated  with  working  on  or  near  these  geological  features. 

Application 

-  In  research  teams,  students  use  a  variety  of  resources  to  develop  and  present  a  report  on  the  limitations 
of  technologies  used  to  safely  extract  and  transport  oil  and  natural  gas  from  (^.anada's  three  oceans. 

-  Students  design  and  test  a  simple  model  of  an  oil  rig  or  platform  that  is  designed  to  withstand  conditions  associated 
with  the  geographical  hazards  of  the  region. 

-  Students  debate  the  pros  and  cons  of  natural  resource  development  in  die  oceans. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  112-5,  113-2,  113-10 

-  Skills:  208-4,  209-5,  210-6,  211-2,  211-4 

-  Knowledge:  311-7,311-8 

-  Attitudes:  423,  429,  432 


GRADE  9 


Specific  learning  outconnes 


LIFE  SCIENCE 


Nature  of  science  and  technology 

109-  9     compare  scientific  inquirv;  problem  solving,  and  decision  making  in  terms  of  their  purpose,  goals,  and 

applications  (e.g.,  examine  the  position  taken  by  various  researchers  with  regard  to  the  development 
and  marketing  of  possible  cures  for  cancer) 

1 1 0-  3     identify  major  shifts  in  scientific  world  views  (e.g.,  describe  shifts  such  as  acceptance  of  the  view  that 

all  forms  of  life  are  determined  by  a  genetic  code  found  in  DM  molecules,  or  that  all  cells  of  an 
organism  contain  the  same  genetic  information) 

Relationships  between  science  and  technology 

111-  1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the  development  of  technologies  (e.g.,  provide 

examples  such  as  the  reproduction  of  transplanted  genes  in  bacteria,  which  was  made  possible  by 
understanding  the  rate  reproduction  of  unicellular  organisms) 

Social  and  environmental  contexts  of  science  and  technology 

112-  12  provide  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  provide  examples  such  as 

the  development  of  the  Mcintosh  apple  and  Canola  and  research  into  fetal  alcohol  symdrome) 

113-  10  provide  examples  of  problems  that  arise  at  home,  in  an  industrial  setting,  or  in  the  environment  that 

cannot  be  solved  using  scientific  and  technological  knowledge  (e.g.,  provide  examples  such  as  various 
causes  of  infertility  or  cures  for  genetic  disorders  like  cystic  fibrosis) 


9 


Reproduction 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208-  2     identify  questions  to  investigate  arising  ft-om  practical  problems  and  issues  (e.g.,  identify  questions  such  as 

'What  are  the  best  conditions  for  mushroom  reproduction') 

Performing  and  recording 

209-  2     estimate  measurements  (e.g.,  estimate  the  number  of  cells  in  a  day-old  embry^o,  given  the  frequency 

of  cell  division) 

209-  5     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  consult  books,  videos,  pamphlets,  and  models  on  human  physiohg)'  and  pregnancy) 

Analysing  and  interpreting 

210-  4    predict  the  value  of  a  variable  by  interpolating  or  extrapolating  from  graphical  data  (e.g.,  predict  the 

time  of  ovulation  from  a  graph  of  daily  body  temperatures) 

210-6     interpret  patterns  and  trends  in  data,  and  infer  and  explain  relationships  among  the  variables  (e.g.,  suggest 
an  explanation  for  trends  in  the  optim  um  reproductive  years  of  women) 

2 1 0-  8     apply  given  criteria  for  evaluating  evidence  and  sources  of  information  (e.g.,  consider  the  date  of  publication, 

the  relevance,  and  the  perspective  of  the  author  of  an  information  source  on  reproductive  technologies) 

Communication  and  teamwork 

211-  2     communicate  questions,  ideas,  intentions,  plans,  and  results,  using  lists,  notes  in  point  form,  sentences, 

data  tables,  graphs,  drawings,  oral  language,  and  other  means  (e.g.,  illustrate  the  steps  involved  in 
spore  and  gamete  production  in  mosses  and  explain  the  relationship  between  them) 


/ 


Reproduction 


KNOWLEDGE 

It  is  expected  that  students  will... 


304- 1 1   illustrate  and  describe  the  basic  process  of  cell  division,  including  what  happens  to  the  cell  membrane 
and  the  contents  of  the  nucleus 

304-  1 2  explain  signs  of  pregnancy  and  describe  the  major  stages  of  human  development  from  conception 

to  eariy  infancy 

305-  1  recognize  that  the  nucleus  of  a  cell  contains  genetic  information  and  determines  cellular  processes 
305-2  distinguish  between  sexual  and  asexual  reproduction  in  representative  organisms 

305-3  compare  sexual  and  asexual  reproduction  in  terms  of  their  advantages  and  disadvantages 

305-4  compare  the  structure  and  function  of  the  human  reproductive  systems 

305-5  discuss  factors  that  may  lead  to  changes  in  a  cell's  genetic  information 


Specific  learning  outconnes 


GRADE  9 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Reproduction  is  an  essential  biological  mechanism  for  the  continuity  and  diversity  of  species.  Students  should 
be  provided  with  opportunities  to  explore  the  fimdamental  processes  of  reproduction.  As  well,  heredity  and 
the  transmission  of  traits  from  one  living  generation  to  the  next  could  be  examined.  This  illustrative  example 
emphasizes  the  relationships  between  science  and  technology'  and  the  unifying  concept  of  similarity  and  diversity. 

Exploration 

-  Students  are  asked  to  identify  some  living  things  that  produce  offspring  asexualK.  They  can  then  be  a.sked  under 
what  condition  it  would  be  a  benefit  to  have  the  ability  to  reproduce  exclusively  on  their  own.  Tliis  exploration  will 
allow  a  teacher  to  take  into  account  both  the  students'  level  of  comfort  and  their  prior  knowledge  about  asexual 
modes  of  reproduction. 

The  above  exploration  may  lead  to  the  following  question: 

What  is  the  most  appropriate  technique  for  vegetatively  reproducing  a  particular  plant? 
Development 

-  Students  conduct  research  to  identify  types  of  plants  that  could  be  used  to  study  and  experiment  with  the  factors 
that  affect  the  potential  success  of  asexual  reproduction.  Depending  on  the  technique  used,  various  factors  could 
be  studied,  such  as  the  physical  medium  used  to  ensure  an  efficient  reproduction,  the  ambient  temperature, 
artificial  lighting,  and  the  level  of  moisture.  Through  this  experimentid  work,  students  learn  to  ensure  that  major 
variables  are  controlled  and  to  set  a  reliable  system  to  collect  experimental  data  within  a  certain  period  of  time. 

Application 

-  As  a  team,  students  identify  advantages  and  disadvantages  related  to  asexual  mechanisms  of  reproduction. 
To  develop  their  thinking,  students  conduct  research,  using  printed  and  electronic  resources. 

-  Students  consult  a  local  nurserv  to  determine  to  what  extent  vegetative  reproduction  in  mechanisms  has  an 
impact  on  the  nursery  industry. 

-  Students  identify,  using  their  common  names,  weeds  that  use  vegetative  reproductive  mechanisms  to  propagate 
themselves. 

-  Students  identify  other  types  of  living  things  besides  plants  that  can  reproduce  themselves  asexually. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  111-1 

-  Skills:  208-2,  209-5,  211-2 

-  Knowledge:  305-2,  305-3 

-  Attitudes:  425,  429,  430 


GRADE  9 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


STS  E 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

1 10-  3     identify  major  shifts  in  scientific  world  views  (e.g.,  identify  major  shifts  in  atomic  theory  that  have 

enabled  more  detailed  explanations  of  natural  phenomena  and  technologies  leading  to  molecular 
biology  and  nuclear  research) 

Relationships  between  science  and  technology 

111-  1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the  development  of  technologies  (e.g.,  provide 

examples  of  substances  such  as  fertilizers,  mineral  supplements,  and  industrial  agents  whose 
production  requires  a  knowledge  of  chemistry) 

111-4    provide  examples  of  technologies  that  have  enhanced,  promoted,  or  made  possible  scientific  research 
(e.g.,  provide  examples  of  nuclear  energ}'  technology'  that  have  enhanced  scientific  research) 

111-  6    apply  the  concept  of  systems  as  a  tool  for  interpreting  the  structure  and  interactions  of  natural  and 

technological  systems  (e.g.,  compare  the  way  an  atom  behaves  because  of  the  interaction  of  its 
components  to  the  way  similar  molecules  behave  because  of  the  interaction  of  their  atoms) 

Social  and  environmental  contexts  of  science  and  technology 

112-  3     explain  how  society's  needs  can  lead  to  developments  in  science  and  technology  (e.g.,  give  examples 

showing  how  limited  resources  have  forced  scientists  and  technologists  to  det^elop  more  efficient 
ways  to  extract  necessary  elements  or  compounds  from  nature  or  to  find  or  develop  appropriate 
substitutes) 

112-8  provide  examples  to  illustrate  that  scientific  and  technological  activities  take  place  in  a  variety  of  individual 
or  group  settings  (e.g.,  provide  examples  such  as  large  petrochemical  companies  that  employ  teams 
of  chemists,  and  chemical  journals  that  facilitate  international  exchanges) 


Atoms  and  elements 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

208-  7    formulate  operational  definitions  of  major  variables  and  other  aspects  of  their  investigations  (e.g.,  proinde 

operational  definitions  for  mass,  charge,  electrons,  protons,  neutrons,  nucleus,  atoms,  molecules, 
elements,  compounds,  neutral,  positive,  negative,  ions,  isotopes,  and  periodic  table) 

Performing  and  recording 

209-  5     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  compare  properties  of  various  elements  using  information  obtained  in  encycbpedias 
and  software) 

demonstrate  a  knowledge  of  WHMIS  standards  by  using  proper  techniques  for  handling  and  disposing  of 
lab  materials  (e.g.,  use  proper  techniques  to  obsen^e  and  compare  various  elements  and  compounds) 


209-7 


Analysing  and  interpreting 

210-1     use  or  construct  a  classification  key  (e.g.,  use  a  periodic  table  to  predict  the  properties  of  a  family 
of  elements) 

210-2  compile  and  display  data,  by  hand  or  computer,  in  a  variety  of  formats,  including  diagrams,  flow  charts, 
tables,  bar  graphs,  line  graphs,  and  scatter  plots  (e.g.,  describe  the  characteristics  of  a  given  element, 
using  an  interactive  display) 

210-1 1   state  a  conclusion,  based  on  experimental  data,  and  explain  how  evidence  gathered  supports  or  refutes 
an  initial  idea  (e.g.,  conclude  that  the  proportion  of  hydrogen  to  oxygen  in  water  molecules  is  2:1 
based  on  the  data  obtaitwd  from  the  electrolysis  of  water) 

210-12  identify  and  evaluate  potential  applications  of  findings  (e.g ,  identify  fertilizers  as  a  possible  application 
of  elements,  and  evaluate  the  potential  use  of given  elements  when  choosing  a  fertilizer) 

210-  16  identify  new  questions  and  problems  that  arise  from  what  was  learned  (e.g.,  identify  new  questions 

such  as  the  following:  "Why  do  different  molecules  containing  tl)e  same  elements  belmw  differently?" 
"How  do  atoms  stick  together  in  a  molecule?  '  "Are  there  smaller  particles  than  electrons,  protons, 
and  neutrons?") 

Communication  and  teamwork 

211-  4     evaluate  individual  and  group  processes  used  in  planning,  problem  solving,  decision  making,  iuid  completing 

a  task  (e.g,  evalimte  the  relative  success  and  scientific  merits  of  a  question  and  answer  session  with 
a  professional  chemist  in  ivhich  the  questions  were  drafted  by  studen  ts) 


Atoms  and  elements 


KNOWLEDGE 


307-1 2  investigate  materials  and  describe  them  in  terms  of  their  physical  properties 

307-1 3  describe  changes  in  the  properties  of  materials  that  result  from  some  common  chemical  reactions 

307-1 4  use  models  in  describing  the  structure  and  components  of  atoms  and  molecules 

307-1  5  identify  examples  of  common  elements,  and  compare  their  characteristics  and  atomic  structure 

307-16  identify  and  write  chemical  symbol  or  molecular  formula  of  common  elements  or  compounds 


Specific  learning  outcomes 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Modem  chemistry  is  founded  on  atomic  theory  and  its  associated  findings.  Building  on  past  explorations  using 
various  substances  and  the  particle  model  of  matter,  students  should  become  familiar  with  the  relevance  of  the  basic 
constituents  of  atoms  and  molecules,  with  chemical  symbols  themselves,  and  with  common  elements  and  compounds. 
A  strong  connection  should  develop  between  students'  basic  ideas  about  chemistn  and  related  examples  in  their 
own  lives,  rather  than  the  traditional  theoretical  approach.  This  illustrative  example  emphasizes  the  relationships 
between  science  and  technology  and  the  unifying  concept  of  systems  and  interactions. 

Exploration 

-  Students  brainstorm  examples  of  chemical  symbols  they  have  encountered  in  their  daily  Hves,  and  suggest  what 
the  symbols  stand  for 

-  Questions  such  as  the  following  are  posed  to  students  to  arouse  their  curiosity  and  activate  prior  knowledge 
about  atoms  and  molecules:  "Why  do  they  sometimes  get  a  shock  when  they  walk  across  a  carpet?"  "How  many 
types  of  atoms  and  molecules  are  there  on  Earth?" 

The  above  exploration  may  lead  to  the  following  question: 
What  are  examples  of  famiUar  atoms  and  molecules? 

Development 

-  Students  attempt  to  determine  the  chemical  formula  of  various  familiar  substances,  using  a  variety  of  sources. 
Without  getting  into  detailed  molecular  bonding  or  structure,  students  should  recognize  that  a  particular  pure 
substance  is  always  made  up  of  the  same  type  of  molecules,  all  sharing  the  same  chemical  formula. 

-  Students  examine  the  periodic  table  and  study  a  few  examples  of  common  elements. 

Application 

-  Students  develop  a  board  game  that  utilizes  the  key  ideas  in  the  development  of  the  atomic  theory.  This  game 
could  also  include  characteristics  of  common  elements  and  compounds  studied  in  class. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  111-6 

-  Skills:208-7,  209-7,  210-1 

-  Knowledge:  307-15,307-16 

-  Attitudes:  422,  428,  431 


PHYSICAL  SCIENCE 


STS  E 


It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

109-6     illustrate  how  technologies  develop  as  a  systematic  trial-and-error  process  that  is  constrained  by  cost,  the 
availability  and  properties  of  materials,  and  the  laws  of  nature  (e.g.,  give  examples  such  as  the  development 
of  alternative  sources  of  energy,  the  use  of  copper  rather  than  aluminum  in  household  wiring,  and 
the  development  of  energ}' -efficient  electrical  appliances) 

109-  1 4  explain  the  importance  of  using  precise  language  in  science  and  technology  (e.g.,  explain  that  precise 

language  is  required  to  properly  interpret  Energuide  labels  or  to  understand  a  utility  bill) 

110-  9    compare  examples  of  past  and  current  technologies  developed  to  meet  a  similar  need  (e.g.,  compare 

the  size  and  components  of  fuses  or  circuit  breakers) 

Relationships  between  science  and  technology 

111-  1     provide  examples  of  scientific  knowledge  that  have  resulted  in  the  development  of  technologies  (e.g.,  provide 

examples  such  as  the  inimtion  of  electrostatic  air filters  based  on  an  understanding  of  static  electricity, 
the  development  of  solar  cells  and  light  sensors  based  on  an  understanding  of  the  photoelectric 
effect,  and  the  development  of  microphones  based  on  an  understanding  of  the  piezoelectric  effect) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 2-  7    provide  examples  of  how  science  and  technology  affect  their  lives  and  their  community  (e.g.,  provide 

examples  such  as  how  electrical  appliances  have  improved  their  lifestyles) 

1 1 3-  6     evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  identified  criteria  such  as 

cost  and  the  impact  on  daily  life  and  the  environment  (e.g.,  ei^aluate  the  design  of  certain  electrical 
appliances  on  the  basis  of  their  electrical  consumption  atul  on  the  cost  associated  with  the 
consumption  of  electricity) 

1 1 3-9     make  informed  decisions  about  applications  of  science  and  technology,  taking  into  account  environmental 
and  social  advantages  and  disadvantages  (e.g.,  evaluate  the  route  used  for  the  power  transmission 
lines  from  the  generating  plant  to  their  community;  make  a  decision  about  using  appliances,  such 
as  a  dishwasher  or  a  refrigerator,  that  takes  into  account  the  advantages  of  these  appliances  and 
the  environmental  impact  of  detergents  or  freon) 

113-13  propose  a  course  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  human  and 
environmental  needs  (e.g.,  propose  a  course  of  action  that  reduces  the  consumption  of  electrical  etierg}) 


Characteristics  of  electricity 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

208-1     rephrase  questions  in  a  testable  form  and  clearly  define  practical  problems  (e.g.,  rephrase  a  question 
such  as  "Why  do  we  use  parallel  circuits  in  household  wiring?''  to  How  do  the  voltage  and  current 
in  a  series  circuit  compare  with  those  in  a  parallel  circuit?  ) 

208-  7     formulate  operational  definitions  of  major  variables  and  other  aspects  of  their  investigations  (e.g.,  provide 

operational  definitions  for  voltage,  resistance,  and  current) 

Performing  and  recording 

209-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  use  an  ammeter  and  a  voltmeter 

to  measure  current  and  voltage  in  a  circuit) 

Analysing  and  interpreting 

210-  7     identify,  and  suggest  explanations  for,  discrepancies  in  data  (e.g.,  calculate  the  efficiency  of  an  electric 

kettle  and  explain  the  energy  loss;  explain  the  variations  in  the  monthly  costs  of  electrical  energy) 

210-8    apply  given  criteria  for  evaluating  evidence  and  sources  of  information  (e.g.,  select  recent  data  while 

conducting  research  on  the  environmental  problems  associated  with  the  flooding  of  lands  as  a  result 
of  dam  construction) 

210-10  identify  potential  sources  and  determine  the  amount  of  error  in  measurement  (e.g.,  identif'  potential 
sources  of  error  in  ammeter  and  voltmeter  readings) 

210-  15  evaluate  designs  and  prototypes  in  terms  of  ftinction,  reliabihty,  safety,  efficiency,  use  of  materials,  and 

impact  on  the  environment  (e.g.,  evaluate  the  reliability  of  a  deiHce  built  to  detect  static  charge) 

Communication  and  teamwork 

211-  2     communicate  questions,  ideas,  intentions,  plans,  and  results,  using  fists,  notes  in  point  form,  sentences, 

data  tables,  graphs,  drawings,  oral  language,  and  other  means  (e.g.,  present  graphically  the  data  from 
the  investigation  of  voltage,  current,  and  resistance  in  series  and  parallel  circuits) 


Characteristics  of  electricity 


KNOWLEDGE 

It  is  expected  that  students  will.. 


308- 1 3  explain  the  production  of  static  electrical  charges  in  some  common  materials 

308- 1 4  identify  properties  of  static  electrical  charges 

308- 1  5  compare  quaUtatively  static  electricity  and  electric  current 

308- 1 6  describe  the  flow  of  charge  in  an  electrical  circuit 

308- 1 7  describe  series  and  parallel  circuits  involving  varying  resistance,  voltage,  and  current 

308- 1 8  relate  electrical  energy  to  domestic  power  consumption  costs 

308- 1 9  determine  quantitatively  the  efficiency  of  an  electrical  appliance  that  converts  electrical  energy  to  heat  energy 

308-20  describe  the  transfer  and  conversion  of  energy  from  a  generating  station  to  the  home 


Specific  learning  outcomes 


GRADE  9 


PHYSICAL  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Technologies  based  on  the  principles  of  electricity  are  an  important  part  of  the  student's  world.  An  understanding 
of  the  essentials  of  electrostatics  and  electric  circuits  will  enable  students  to  connect  their  learning  to  everyday 
applications.  Investigations  help  students  to  learn  the  laws  of  electrostatic  charges,  study  some  features  and  properties 
of  electrostatics  and  electric  circuits,  and  measure  and  calculate  electrical  energy  and  the  efficiencv'  of  a  simple 
apphance.  This  illustrative  example  emphasizes  the  nature  of  science  and  die  unifying  concept  of  energy. 

Exploration 

-  Students  are  provided  with  a  variety  of  materials  like  cloth,  fur,  paper  towel,  wood,  plastic  and  metal  and  challenged 
to  determine  which  combination  of  materials  creates  the  greatest  static  charge.  They  are  encouraged  to  develop 
their  own  static  charge  measuring  device  and  evidence  to  support  their  results. 

The  above  exploration  may  lead  to  the  following  question: 
What  are  examples  of  static  and  current  electricity  in  the  home? 

Development 

-  Once  the  properties  of  static  electrical  charges  have  been  determined,  students  design  a  device  that  would  reduce 
or  eliminate  the  shock  a  person  receives  after  walking  across  a  carpet  and  touching  something  metallic. 

-  Students  are  given  a  collection  of  Hght  bulbs,  wires,  and  batteries  and  are  challenged  to  design  circuits  that  cause 
one  hght  bulb  to  go  on,  two  light  bulbs  to  go  on  with  the  same  brightness,  and  two  Hght  bulbs  to  go  on,  where,  if 
one  bulb  is  unscrewed,  the  other  stays  on.  Each  circuit  should  be  drawn,  and  the  flow  of  charge  and  energy 
described. 

Application 

-  Students  draw  an  electrical  blueprint  of  a  house  showing  how  the  house  would  be  wired. 

-  Students  design  a  circuit  that  could  be  used  in  a  long  hallway  The  circuit  should  consist  of  a  light  and  two 
switches  that  allow  for  a  light  to  be  turned  on  at  one  end  of  the  hall  and  then  turned  off  at  the  other.  It  should 
then  be  possible  to  turn  the  Hght  back  on  and  walk  back  down  the  hall  and  turn  the  Hght  off  again. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  109-6,  109-14,  111-1 

-  Skills:  208-1,  209-3,  210-15 

-  Knowledge:  308-14,  308-15,  308-16,  308-17 

-  Attitudes:  426,  429,  430 


GRADE  9 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


Nature  of  science  and  technology 

109-3     describe  and  explain  the  role  of  experimentation,  collecting  evidence,  finding  relationships,  proposing 

explanations,  and  imagination  in  the  development  of  scientific  knowledge  (e.g.,  explain  how  data  provided 
b}'  astronomy,  radio  astronomy  satellite-based  astronomy,  and  satellite  exploration  of  the  sun,  planets, 
moons,  and  asteroids  contribute  to  our  knowledge  of  the  solar  system) 

109-  1 1   relate  personal  activities  and  various  scientific  and  technological  endeavours  to  specific  science  disciplines 

and  interdiscipliiian  study  areas  (e.g.,  relate  analysis  of  meteorites  or  lunar  materials  to  chemistry 
and  geology) 

110-  5    explain  the  need  for  new  evidence  in  order  to  continually  test  existing  theories  (e.g.,  explain  the  need 

for  netv  eiidence  obtained  from  space-based  telescopes  and  close-up  obsen^ations  by  satellites, 
which  can  reinforce,  adjust,  or  reject  existing  inferences  based  on  observations  from  Earth) 

Relationships  between  science  and  technology 

111-  5     describe  the  science  underlying  particular  technologies  designed  to  explore  natural  phenomena,  extend 

human  capabihties,  or  solve  practical  problems  (e.g.,  describe  how  optical  principles  are  demonstrated 
in  a  telescope,  and  aerodynamic  principles  are  applied  in  rocket  and  spacecraft  engineering) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 2-  6     provide  examples  of  how  Canadian  research  projects  in  science  and  technology  are  supported  (e.g.,  provide 

examples  such  as  government  inwliement  in  the  development  and  use  of  communication  satellites,  and 
the  private-  and  public-sponsored  research  experiments  carried  out  as  part  of  space  shuttle  missions) 

112-  11   describe  examples  of  science-  and  technology-based  careers  in  Canada,  and  relate  these  careers  to  their 

studies  in  science  (e.g.,  describe  examples  such  as  astronauts,  astrophysicists,  materials  technologists, 
pilots,  and  computer  programmers) 

1 1 3-  3     describe  possible  positive  and  negative  effects  of  a  particular  scientific  or  technological  development,  and 

explain  why  a  practical  solution  requires  a  compromise  between  competing  priorities  (e.g.,  describe  effects 
such  as  the  spinoffs  from  space  technologies  to  everyday  usage  and  the  potential  military  use  of 
space  exploration,  and  recognize  the  need  to  evaluate  these  objectives) 


Space  exploration 


Initiating  and  planning 

208-4    propose  alternative  solutions  to  a  given  practical  problem,  select  one,  and  develop  a  plan  (e.g.,  design 
and  describe  a  model  space  station) 

208-  5    state  a  prediction  and  a  hypothesis  based  on  background  information  or  an  observed  pattern  of  events 

(e.g.,  predict  the  next  visit  of  a  comet  based  on  past  observations) 

Performing  and  recording 

209-  4    organize  data  using  a  format  that  is  appropriate  to  the  task  or  experiment  (e.g.,  maintain  a  log  of  their 

obsen)ations  of  changes  in  the  night  sky;  prepare  a  comparative  data  table  on  various  stars) 

Analysing  and  interpreting 

210-  3     identify  strengths  and  weaknesses  of  different  methods  of  collecting  and  displaying  data  (e.g.,  compare 

Earth-based  obsen^ations  to  those  made  from  spacecraft:  explain  why  the  precise  observation  of 
stars  is  limited  by  their  distance) 

210-9    calculate  theoretical  values  of  a  variable  (e.g.,  calculate  the  travel  time  to  a  distant  star  at  a  given  speed) 

210-  16  identify  new  questions  and  problems  that  arise  from  what  was  learned  (e.g.,  identij]'  questions  such  as 

the  following:  "What  are  the  limits  of  space  travel.^'  "How  old  is  the  Universe^''"  "Is  Earth  the  only 
suitable  home  for  humans.^") 

Communication  and  teamwork 

211-  1     receive,  understand,  and  act  on  the  ideas  of  others  (e.g.,  take  into  account  advice  provided  by  other 

students  or  individuals  in  designing  a  space  suit) 

211-3     work  cooperatively  with  team  members  to  develop  and  earn  out  a  plan,  and  troubleshoot  problems  as 

they  arise  (e.g.,  write  and  act  out  a  group  skit  demonstrating  tasks  and  interactions  among  astronauts 
during  a  mission) 

211-5     defend  a  given  position  on  an  issue  or  problem,  based  on  their  findings  (e.g.,  conduct  appropriate 
research  to  justify  their  position  on  the  economic  costs  or  benefits  of  space  exploration) 


Space  exploration 


KNOWLEDGE 

'  /5  expected  that  students  will. . . 


312-1  describe  theories  on  the  formation  of  the  solar  system 

312-2  describe  and  classify  the  major  components  of  the  universe 

312-3  describe  theories  on  the  origin  and  evolution  of  the  universe 

312-4  describe  and  explain  the  apparent  motion  of  celestial  bodies 

312-5  describe  the  composition  and  characteristics  of  the  components  of  the  solar  system 

312-6  describe  the  effects  of  solar  phenomena  on  Earth 


Specific  learning  outconnes 


GRADE  9 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Innovations  and  advancements  in  computers  and  other  technologies  related  to  astronomy  in  the  past  20  years  have 
enabled  astronomers  to  collect  new  evidence  about  the  nature  of  the  universe.  The  study  of  space  exploration  is  an 
opportunity  for  students  to  develop  an  understanding  of  the  origin,  evolution,  and  components  of  the  solar  system 
and  the  universe.  As  students  become  more  aware  of  the  solar  system  and  the  universe  and  understand  them  better, 
they  develop  a  greater  appreciation  of  them  and  how  they  function.  This  illustrative  example  emphasizes  the  nature 
of  science  and  technology  and  the  unifying  concept  of  change  and  constancy. 

Exploration 

-  Students  investigate  historical  theories  and  beliefs  about  the  origins  of  the  solar  system  and  the  universe. 

-  Students  discuss  technologies  that  have  been  developed  in  the  past  that  have  enabled  major  advances  to  occur 
in  our  understanding  of  the  solar  system  and  the  universe. 

The  above  exploration  may  lead  to  the  following  question: 

How  has  our  understanding  of  the  solar  system  and  the  universe  changed  with  advances  in  technology? 
Development 

-  Students  explore  historical  views  of  the  solar  system  and  the  universe  from  classical  times,  through  the 

Middle  Ages,  to  the  present  day.  Students  investigate  perceptions  of  the  universe  of  other  cultures,  such  as  eastern 
cultures  and  First  Nations. 

-  Using  a  variety  of  print  and  electronic  resources,  students  follow  the  technological  development  of  tools  used 
in  astronomy  and  the  impact  of  these  tools  on  changing  theories  and  perceptions  of  the  solar  system  and  the 
universe. 


Application 

-  In  research  teiims,  students  focus  on  the  historical  development  of  a  specific  type  of  astronomical  equipment 
or  other  technology  that  has  enabled  astronomers  to  gain  new  insight  into  the  solar  system  and  the  universe 

This  illustrative  example  suggests  wins  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  109-3,  110-6 

-  Skills:  209-4,  210-3,  210-1(),  ^111 

-  Knowledge:  312-2,  312-5 

-  Attitudes:  422,  424,  425 


10  to  12      Learning  outcomes  by  grade 


Specific  learning  outcome  clusters  for  grade  10 

Sustainability  of  ecosystems  

Chemical  reactions     

Motion     

Weather  dynamics  .   

Specific  learning  outcome  clusters  for  grade  11-12  —  Life  science 

Reproduction  and  development 
Matter  and  energy  for  life 

Genetic  continuity  ....   

Evolution,  change,  and  div  ciMl)   

Maintaining  dynamic  equilibrium   

Interactions  among  living  things   

Specific  learning  outcome  clusters  for  grade  11-12  —  Chemistry 

Organic  chemistry 

Acids  and  bases     


to  properties 


listry 


From  structures 
Elect  rochc 

Solutions  and  stoicfiioi^ictrx' 
Thermochemistr\' 


200 
202 
204 
206 

208 
210 
212 
214 
216 
218 

220 
222 
224 
226 
228 
230 


Specific  learning  outcome  clusters  for  grade  11-12  —  Physics 

Force,  motion,  and  work    .  232 

Energy  and  momentum   .  234 

Waves      .236 

Fields      .238 

Radioactivity  and  modern  physics     240 

Specific  learning  outcome  clusters 

for  grade  11-12  —  Earth  and  space  science 

Earth  systems      .  242 

Earth  resources      .  244 

Earth  processes    246 

Historical  geo]oa\    248 

Astroinoim    ...  2S0 


By  the  end  of  grade  12 


General  learning  outcomes       10  to  12 


STSE 

It  is  expected  that  students  will... 


SKILLS 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

114  describe  and  explain  disciplinary  and  interdisciplinary  processes  used  to  enable  us  to  understand 
natural  phenomena  and  develop  technological  solutions 

115  distinguish  between  science  and  technology  in  terms  of  their  respective  goals,  products,  and  values, 
and  describe  the  development  of  scientific  theories  and  technologies  over  time 

Relationships  between  science  and  technology 

116  analyse  and  explain  how  science  and  technology  interact  with  and  advance  one  another 

Social  and  environmental  contexts  of  science  and  technology 

117  analyse  how  individuals,  societv;  and  the  environment  are  interdependent  with  scientific  and  technological 
endeavours 

118  evaluate  social  issues  related  to  the  applications  and  limitations  of  science  and  technology,  and  explain 
decisions  in  terms  of  advantages  and  disadvantages  for  sustainability,  considering  a  variety  of  perspectives 


Initiating  and  planning 

212  ask  questions  about  observed  relationships  and  plan  investigations  of  questions,  ideas,  problems,  and  issues 
Performing  and  recording 

213  conduct  investigations  into  relationships  between  and  iuuong  observable  variables,  and  use  a  broad 
range  of  tools  and  techniques  to  gather  and  record  data  and  information 

Analysing  and  interpreting 

214  analyse  data  and  apply  mathematical  and  conceptual  models  to  develop  and  assess  possible  explanations 
Communication  and  teamwork 

215  work  as  a  member  of  a  team  in  addressing  problems,  and  apply  the  skills  and  conventions  of  science 
in  communicating  information  and  ideas  and  in  assessing  results 


10  to  12  I      General  learning  outcomes 


Life  science 

313  compare  and  contrast  the  reproduction  and  development  of  representative  organisms 

314  determine  how  cells  use  matter  and  energy  to  maintain  organization  necessary  for  Ufe 

315  demonstrate  an  understanding  of  the  structure  and  function  of  genetic  materials 

316  analyse  the  patterns  and  products  of  evolution 

317  compare  and  contrast  mechanisms  used  by  organisms  to  maintain  homeostasis 

318  evaluate  relationships  that  affect  tlie  biodiversity  and  sustainability  of  life  within  the  biosphere 


By  the  end  of  grade  12 


KNOWLEDGE 

d  that  students  will.. 


Chemistry 

319  identify  and  explain  the  diversity  of  organic  compounds  and  their  impact  on  the  environment 

320  demonstrate  an  understanding  of  the  characteristics  and  interactions  of  acids  and  bases 

321  illustrate  and  explain  the  various  forces  that  hold  structures  together  at  the  molecular  level 
and  relate  the  properties  of  matter  to  its  structure 

322  use  the  redox  theory  in  a  variety  of  contexts  related  to  electrochemistry 

323  demonstrate  an  understanding  of  solutions  and  stoichiometry  in  a  variety  of  contexts 

324  predict  and  explain  energ}'  transfers  in  chemical  reactions 


General  learning  outconnes       10  to  12 

KNOWLEDGE 

^B'^                                                                                                         '5  expected  that  students  will... 

Physics 

325  analyse  and  describe  relationships  between  force  and  motion 

326  analyse  interactions  within  systems,  using  the  laws  of  conservation  of  energy  and  momentum 

327  predict  and  explain  interactions  beUveen  waves  and  with  matter,  using  the  characteristics  of  waves 

328  explain  the  fundamental  forces  of  nature,  using  the  characteristics  of  gravitational,  electric,  and 
magnetic  fields 

329  analyse  and  describe  different  means  of  energy  transmission  and  transformation 


Earth  and  space  science 

330  demonstrate  an  understanding  of  the  iiauii  c  .uid  divei  sii)  ol  energy  sources  and  matter  in  tlie  universe 

331  describe  and  predict  the  nature  and  effects  of  changes  to  terrestrial  systems 

332  demonstrate  an  understanding  of  the  relationships  among  systems  responsible  for  ciiangc>  lo  harth's 
surface 

333  describe  the  nature  of  space  and  its  components  and  the  history  of  the  observation  of  space 


1 0  to  12       General  learning  outcomes 


198 

Appreciation  of  science 

436  value  the  role  and  contribution  of  science  and  technology  in 
our  understanding  of  phenomena  that  are  direcdy  observable 
and  those  that  are  not 

437  appreciate  that  the  applications  of  science  and  technology 
can  raise  ethical  dilemmas 

438  value  the  contributions  to  scientific  and  technological  development 
made  by  women  and  men  from  many  societies  and  cultural 
backgrounds 

Evident  when  students,  for  example: 

-  consider  the  social  and  cultural  contexts  in  which  a  theory  developed 

-  use  a  multi-perspective  approach,  considering  scientific,  technological, 
economic,  cultural,  political,  and  environmental  factors,  when  formulating 
conclusions,  solving  problems,  or  making  decisions  on  an  STSE  issue 

-  recognize  the  usefulness  of  being  skilled  in  mathematics  and  problem 
solving 

-  appreciate  how  scientific  proWciii  solving  and  the  development  of  new 
technologies  are  related 

-  recognize  the  contribution  of  science  and  technology  to  the  progress 
of  civilizations 

-  carehilly  research  and  openly  discuss  ethical  dilemmas  associated 
with  the  applications  of  science  and  technology 

-  show  support  for  the  development  of  information  technologies  and 
science  as  they  relate  to  human  needs 

-  recognize  that  western  approaches  to  science  are  not  the  only  ways 
of  viewing  the  universe 

-  consider  the  research  of  both  men  and  women 


From  grade  10  through  grade  12 


ATTITUDES 

encouraged  to. 


Interest  in  science 


439  show  a  continuing  and  more  informed  curiosity  and  interest 
in  science  and  science-related  issues 

440  acquire,  with  interest  and  confidence,  additional  science 
knowledge  and  skills,  using  a  variety  of  resources  and  methods, 
including  formal  research 

441  consider  further  studies  and  careers  in  science-  and 
technology-related  fields 

Evident  when  students,  for  example: 

-  research  the  answers  to  their  own  questions 

-  recognize  that  part-time  jobs  require  science-  and  technology-related 
knowledge  and  skills 

-  maintain  interest  or  pursue  further  studies  in  science 

-  recognize  the  importance  of  making  connections  between  various 
science  disciphnes 

-  explore  and  use  a  variety  of  methods  and  resources  to  increase  their 
own  knowledge  and  skills 

-  are  interested  in  science  and  technology  topics  not  directly  related 
to  their  formal  studies 

-  explore  where  further  science-  and  technology-related  studies  can  be 
pursued 

-  are  critical  and  constructive  when  considering  new  theories  and 
techniques 

-  use  scientific  vocabulary  and  principles  in  everyday  discussions 

-  readily  investigate  STSE  issues 


Scientific  inquiry 


442  confidendy  evaluate  evidence  and  consider  alternative 
perspectives,  ideas,  and  explanations 

443  use  factual  information  and  rational  explanations  when 
analysing  and  evaluating 

444  value  the  processes  for  drawing  conclusions 

Evident  when  students,  for  example: 

-  insist  on  evidence  before  accepting  a  new  idea  or  explanation 

-  ask  questions  and  do  research  to  ensure  they  understand 

-  criticize  arguments  based  on  the  faulty,  incomplete,  or  misleading  use 
of  numbers 

-  recognize  the  importance  of  reviewing  the  basic  assumptions  from 
which  a  Mne  of  inquiry  has  arisen 

-  expend  the  eff'ort  and  time  needed  to  make  valid  inferences 

-  critically  evaluate  inferences  and  conclusions,  cogniziuit  of  the  miuiy 
variables  involved  in  experimentation 

-  critically  assess  their  opinion  of  the  value  of  science  and  its  applications 

-  criticize  arguments  in  which  evidence,  explanations,  or  positions 
do  not  reflect  the  diversity  of  perspectives  that  exist 

-  insist  that  the  critical  assumptions  behind  any  line  of  reasoning  be 
made  explicit  so  that  die  validity  of  the  position  taken  can  be  judged 

-  seek  new  models,  explanations,  and  theories  when  confronted  widi 
discrepant  events 


From  grade  10  through  grade  12 


General  learning  outconnes       10  to  12 


ATTITUDES 

\199 

It  is  expected  that  students  will  be  encouraged  to... 

Collaboration 

Stewardship 

Safety 

445       work  collaboratively  in  planning  and  carrying  out  investigations, 
as  well  as  in  generating  and  evaluating  ideas 

Evident  when  students,  for  example: 

-  willingly  work  with  any  classmate  or  group  of  individuals  regardless 
of  their  age,  gender,  or  physical  and  cultural  characteristics 

-  assume  a  variety  of  roles  within  a  group,  as  required 

-  accept  responsibility  for  any  task  that  helps  the  group  complete 
an  activity' 

-  provide  the  same  attention  and  energy  to  the  group's  product  as  they 
would  to  a  personal  assignment 

-  are  attentive  when  others  speak 

-  are  capable  of  suspending  personal  views  when  evaluating  suggestions 
made  by  a  group 

-  seek  tlie  point  of  view  of  others  and  consider  a  multitude  of  perspectives 

-  accept  constructive  criticism  when  sharing  their  ideas  or  points  of  view 

-  criticize  the  ideas  of  their  peers  without  criticizing  the  persons 

-  evaluate  the  ideas  of  others  objectively 

-  encourage  the  use  of  procedures  that  enable  everyone,  regardless 
of  gender  or  cultural  background,  to  participate  in  decision  making 

-  participate  with  others  in  peaceful  conflict  resolution 

-  encourage  the  use  of  a  vanet\  of  communication  strategies  during 
group  work 

-  share  the  responsibiUty  for  errors  made  or  difficulties  encountered 
by  the  group 

446  have  a  sense  of  personal  and  shared  responsibility  for 
maintaining  a  sustainable  environment 

447  project  the  personid,  social,  and  environmental  consequences 
of  proposed  action 

448  want  to  take  action  for  maintaining  a  sustainable  environment 

Evident  when  students,  for  example: 

-  willingly  evaluate  the  impact  of  their  own  choices  or  the  choices 
scientists  make  when  they  carry  out  an  investigation 

-  assume  part  of  the  collective  responsibihty  for  the  impact  of  humans 
on  the  environment 

-  participate  in  civic  activities  related  to  the  preservation  and  judicious 
use  of  the  environment  and  its  resources 

-  encourage  their  peers  or  members  of  their  community  to  participate 
in  a  project  related  to  sustainability 

-  consider  all  perspectives  when  addressing  issues,  weighing  scientific, 
technok)gical,  and  ecological  factors 

-  participate  in  the  social  and  pohtical  systems  that  influence 
environmental  pohcy  in  their  community 

-  discuss  both  the  positive  and  negative  effects  on  human  beings  iuid 
society  of  environmental  changes  caused  by  nature  and  by  humans 

-  willingly  promote  actions  that  are  not  injurious  to  the  environment 

-  make  personal  decisions  based  on  a  feehng  of  responsibility  toward 
less  privileged  parts  of  the  global  community  and  toward  future 
generations 

-  are  critical-minded  regarding  the  short-  and  long-term  consequences 
of  sustainability 

449  show  concern  for  safety  and  accept  the  need  for  rules  and 
regulations 

450  be  aware  of  the  direct  and  indirect  consequences  of  their 
actions 

Evident  when  students,  for  example: 

-  read  the  label  on  materiids  before  using  them,  interpret  the  U  HiMlS 
symbols,  and  consult  a  reference  document  if  safetv  symbols  are  not 

•  understood 

-  criticize  a  procedure,  a  design,  or  materials  that  are  not  safe  or  that 
could  have  a  negative  impact  on  the  environment 

-  consider  safety  a  positive  limiting  factor  in  scientific  and  technoloojcal 
endeavours 

-  carefully  manipulate  materials,  cognizant  of  the  risks  and  consequences 
of  their  actions 

-  write  into  a  laboratory  procedure  safety  and  waste-disposal  concerns 

-  evaluate  the  long-term  impact  of  safety  and  waste  disposal  on  the 
environment  and  the  quahty  of  life  of  living  organisms 

-  use  safety  and  wiLste  disposal  as  criteria  for  evaluating  an  experiment 

-  assume  responsibility  for  the  safetv'  of  idl  those  who  share  a  common 
working  environment  by  cleaning  up  after  an  activity^  and  disposing  of 
materials  in  a  safe  place 

-  seek  assistance  immediately  for  any  first  aid  concerns  like  cuts,  bums, 
or  unusual  reactions 

-  keep  the  work  station  uncluttered,  with  only  appropriate  lab  materials 
present 

GRADE  10 


Specific  learning  outconnes 


200 


LIFE  SCIENCE 


STS  E 

is  expected  that  students  will. 


Nature  of  science  and  technology 

114-1     explain  how  a  paradigm  shift  can  change  scientific  world  views  (e.g.,  give  examples  such  as  the  shift 
from  a  world  view  centred  on  humans  to  one  focussed  on  interrelationships  among  all  species, 
or  the  shift  to  the  acknowledgment  that  all  biotic  and  abiotic  factors  on  Earth  are  interrelated) 

114-5     describe  the  importance  of  peer  review  in  the  development  of  scientific  knowledge  (e.g.,  describe  the 
importance  of peer  reiHew  in  providing  critical  feedback  on  research  related  to  the  impact  of 
atmospheric  pollutants  on  an  ecosy^stem) 

Relationships  between  science  and  technology 

116-  1     identify  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the  invention 

of  a  technology  (e.g.,  give  examples  such  as  how  tests  and  techniques  used  to  determine  dissolved 
oxygen,  phosphate,  and  nitrate  Impels  have  helped  us  to  understand  important  changes  in  aquatic 
ecosystems,  or  how  tracking  collars  haw  proinded  data  on  migration  patterns  and  population  numbers) 

Social  and  environmental  contexts  of  science  and  technology 

117-  3     describe  how  Canadian  research  projects  in  science  and  technology  are  funded  (e.g.,  provide  examples 

such  as  funding  by  environmental  groups,  federal  and  provincial  government  departments,  and 
resource  and  tourism  industries) 

118-  1     compare  the  risks  and  benefits  to  society  and  the  environment  of  applying  scientific  knowledge  or  introducing 

a  technology  (e.g.,  compare  the  risks  and  benefits  in  examples  such  as  the  use  of  pesticides  and 
fertilizers,  the  use  of fishing  nets,  the  protection  of  a  particular  species,  or  the  introduction  of 
a  new  species  to  an  area) 

118-5  defend  a  decision  or  judgement  and  demonstrate  that  relevant  arguments  can  arise  from  different 
perspectives  (e.g.,  present  a  brief for  a  public  hearing  and  summarize  the  briefs  of  others  on 
an  issue  related  to  a  local  environmental  problem) 

118-9    propose  a  course  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  human 
and  environmental  needs  (e.g.,  organize  a  public  hearing  on  an  issue  such  as  seasonal fishirig  quotas, 
or  funding  for  public  transportation) 


Sustainability  of  ecosystems 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-4  state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information  (e.g.,  predict 
the  impact  of  fishing  or  harvesting  resources  such  as  seaweed,  after  examining  an  aquatic  ecos)'stem; 
predict  the  impact  on  an  ecosystem  of  supplying  an  excess  of food for  a  particular  organism) 

212-  7     formulate  operational  definitions  of  major  variables  (e.g.,  define  operationally  biotic  factors,  abiotic 

factors,  biomass,  and  chemical  concentration) 

Performing  and  recording 

213-  7     select  and  integrate  infonnation  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  search  government  publications  and  gather  relevant  information  on  sustainable 
development  initiatives) 

213-  8    select  and  use  apparatus  and  materials  safely  (e.g.,  select  and  use  a  Secchi  disk,  a pH  meter,  and  sampling 

nets  for  collecting  data  in  the  study  of  an  aquatic  ecosystem) 

Analysing  and  interpretation 

214-  1     describe  and  apply  classification  systems  and  nomenclature  used  in  the  sciences  (e.g.,  use  terms  related 

to  abiotic  and  biotic  components  in  a  report  of  an  ecosy^stem  study) 

214-3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 
diagrams,  flow  charts,  tables,  graphs,  and  scaUer  plots  (e.g.,  present  statistical  data  in  diagrams, 
tables,  and  graphs  as  part  of  a  brief for  a  public  hearing  on  proposed  mineral  exploration 
in  an  ecologically  sensitive  area) 

Communication  and  teamwork 


215-1 


215-4 


communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond 
to  the  ideas  of  others  (e.g.,  participate  as  a  team  member,  during  a  simulated  public  hearing,  in 
presenting  the  appropriate  view  of  a  particular  stakeholder  and  respond  to  the  views  of  others) 

identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g.,  report  on  the 
perspectives  presented  by  other  participants  in  a  public  hearing) 


Sustainability  of  ecosystem 


KNOWLEDGE 

It  is  expected  that  students  will. 


318-1     illustrate  the  cycling  of  matter  through  biotic  and  abiotic  components  of  an  ecosystem  by  tracking  carbon, 
nitrogen,  and  oxygen 

318-2     describe  the  mechanisms  of  bioaccumulation,  and  explain  its  potential  impact  on  the  viability  and  diversity 
of  consumers  at  all  trophic  levels 

318-3     explain  why  ecosystems  with  similar  characteristics  can  exist  in  different  geographical  locations 

318-4    explain  why  different  ecosystems  respond  differently  to  short-term  stresses  and  long-term  changes 

318-5     explain  various  ways  in  which  natural  populations  are  kept  in  equihbrium  and  relate  this  equilibrium 
to  the  resource  hmits  of  an  ecosystem 

318-6     explain  how  the  biodiversity  of  an  ecosystem  contributes  to  its  sustainability 

331-6     analyse  the  impact  of  external  factors  on  an  ecosystem 

331-7     describe  how  soil  composition  and  fertility  can  be  altered  and  how  these  changes  could  affect  an  ecosystem 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Students  receive  an  abundance  of  conflicting  information  from  media  and  literature  on  the  need  to  protect  tlie  environment 
as  weU  as  the  need  to  remain  competitive  in  an  increasingly  technological  world.  A  focus  on  the  dynamic  equilibrium 
within  ecosystems  provides  students  with  opportunities  to  explore  the  interdependence  of  species  and  the  relationships 
between  organisms  and  their  physical  environment.  As  students  develop  these  understandings,  they  are  better  able  to 
make  informed  decisions  about  the  sustainabihty  of  ecosystems.  This  illustrative  example  emphasizes  social  and 
environmental  contexts  of  science  and  technology  and  the  unifying  concept  of  equihbrium. 

Exploration 

-  Students  research  the  nature  of  atmospheric  pollutants  to  answer  the  question:  what  are  the  possible  causes  of 
acid  rain? 

-  Students  watch  a  video  on  recent  efl'orts  to  neutralize  an  acidic  lake  in  Canada.  They  discuss  the  possible  intended 
and  unintended  effects  of  this  technology. 

The  above  exploration  may  lead  to  the  following  question: 

How  are  the  soils  and  aquatic  ecosystems  in  the  proximity  of  industry  affected  by  atmospheric  pollutants? 
Development 

-  Students  interpret  graphs  that  show  the  concurrent  increase  in  acidic  precipitation,  industrialization,  and  use  of 
fossil  fuels.  Discrepancies  in  data  are  interpreted  and  solutions  to  counter  the  tendency,  along  with  their  conflicting 
repercussions,  are  discussed  open-mindedly 

-  Students  investigate  the  efl'ect  of  acids  on  different  tvpes  of  soils  and  soil  combinations  by  monitoring  the  growth 
of  plants  in  various  media.  From  their  results,  students  come  to  a  consensus  about  the  optimid  soil  composition  for 
areas  affected  by  acidic  precipitation. 

-  Students  research  a  variety  of  sources  from  many  countries  to  determine  the  feasibilitv  of  a  process  that  would 
alter  the  pH  of  soils  in  areas  aff'ected  by  acid  rain.  Part  of  the  feasibilitv  study  includes  determining  the  short- 
and  long-term  risks  of  these  changes  to  organisms  Hving  in  the  soil,  and  the  benefits  to  humans  and  plants. 

Application 

-  Students  participate  in  a  joint  project  with  a  school  in  a  neighbouring  province  to  monitor  pH  levels  of  precipitation 
during  the  entire  school  year  and  determine  what  could  be  responsible  for  significant  changes.  They  accept  various 
roles  to  ensure  the  success  of  the  project. 

-  Students  organize  and  willingly  participate  in  a  mock  pubhc  hearing  to  present  a  course  of  action  for  reducing 
the  levels  of  pollution  emission,  taking  into  account  the  cost  and  fimding  sources  for  measures  suggested  as  well  as 
the  short-  and  long-term  needs  of  all  fiving  things  sharing  that  environment. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  foUovving  learning  outcomes: 

-  STSE:  118-1,  118-5,  118-9 

-  Skills:  213-7,  214-1,  215-1,  215-4 

-  Knowledge:  331-6,  331-7 

-  Attitudes:  440,  437,  444,  448 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

1 14-8    describe  the  usefulness  of  scientific  nomenclature  systems  (e.g.,  explain  that  using  SI  units  guards 
against  misuse  and  improper  combinations  of  chemicals  that  could  result  in  unwanted  products, 
and  how  WPAC  contributes  to  the  efficient  and  coherent  communication  of  chemical  information 
b}'  and  for  people  in  diverse  settings) 

Relationships  between  science  and  technology 

1 1 6-3     identify  examples  where  technologies  were  developed  based  on  scientific  understanding  (e.g.,  identif)' 
examples  such  as  plastics,  the  internal  combustion  engine,  pharmaceuticals,  rust-proofing  compounds 
designed  for  vehicles,  chemical  heat  pads,  vegetable  oil  hy^drogenation,  aerosol  sprays,  latex  paints, 
and  photography) 

116-  5     describe  the  functioning  of  domestic  and  industrial  technologies,  using  scientific  principles  (e.g.,  explain 

how  acid  rain  is  neutralized  in  lakes,  how  lemon  juice  can  neutralize  fish  odours,  why  baking  soda 
is  used  in  baking  and  in  refrigerators,  how  antacids  can  settle  upset  stomachs,  and  the  importance 
of  blowing  the  pH  of  hair  shampoos  and  conditioners) 

Social  and  environmental  contexts  of  science  and  technology 

117-  1     compare  examples  of  how  society  supports  and  influences  science  and  technology  (e.g.,  compare 

examples  such  as  the  dei^elopment  of  new  pesticides  b}'  private  industr}^  with  public  research  on 
the  causes  and  effects  of  acid  rain,  and  consider  possible  solutions) 

117-5    provide  examples  of  how  science  and  technology  are  an  integral  part  of  their  lives  and  their  community 
(e.g.,  provide  examples  such  as  the  combustion  of fuels  to  heat  buildings  and  power  machinery, 
and  the  development  and  use  of  materials  such  as  stainless  steel,  acrylics,  and  synthetic  textiles) 

117-  7     identify  and  describe  science-  and  technology-based  careers  related  to  the  science  they  are  studying 

(e.g.,  identify  careers  in  areas  such  as  biochemistry,  medicine,  pharmacology,  and  environmental 
science) 

118-  5     defend  a  decision  or  judgement  and  demonstrate  that  relevant  arguments  can  arise  from  different  perspectives 

(e.g.,  debate  the  merits  of  extensively  using  products  such  as  gasoline,  pesticides,  plastics,  road  salt, 
hydrogen -based  fuels,  and  coal) 


i 


Chemical  reactions 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

212-3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  experiment  to  test 
how  varying  the  concentration  of  a  reactant  affects  the  rate  of  a  reaction) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  evaluate  the  advantages  of  using  indicator  paper  or 
pH  meters  in  certain  experiments) 

Performing  and  recording 

213-  2     carry  out  procedures  controUing  the  major  variables  and  adapting  or  extending  procedures  where 

required  (e.g.,  control  major  variables  when  determining  the  effects  of  temperature,  concentration 
of  reactants,  and  surface  area  on  a  given  reaction) 

213-5    compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facilitate  interpretation  of 
the  data  (e.g.,  name  chemical formulas  using  appropriate  nomenclature  for  metal  and  non-metal  ions) 

213-  9     demonstrate  a  knowledge  of  WHMIS  standards  by  selecting  and  applying  proper  techniques  for  handling 

and  disposing  of  lab  materials  (e.g.,  use  proper  techniques  for  handling  and  disposing  of  acids  and 
bases) 

Analysing  and  interpreting 

214-  5    interpret  patterns  and  trends  in  data,  and  infer  or  calculate  linear  and  nonlinear  relationships  among  variables 

(e.g.,  determine  the  effect  of  increasing  the  concentration  of  a  reactant  on  the  rate  of  reaction) 

214-  15  propose  alternative  solutions  to  a  given  practical  problem,  identify'  the  potential  strengths  and  weaknesses 

of  each,  and  select  one  as  the  basis  for  a  plan  (e.g.,  develop  a  proposal  for  using  an  energ)'  source  such 
as  gasoline,  hydrogen -based  fuel  or  coal,  and  identify  the  strengths  and  weaknesses  oftlye  proposal) 

Communication  and  teamwork 

21 5-  6     work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  iuui  troubleshoot  problems  as 

they  arise  (e.g.,  dei^lop  and  present  a  proposed  that  identifies  the  nmjor  (uivantages  and  disadvantages 
associated  with  having  Canadians  me  hydrogen-based  fuels  rather  than  carbon-based  fuels) 


Chemical  reactions 


KNOWLEDGE 

It  is  expected  that  students  will...  ■, 


319-1     name  and  write  formulas  for  some  conmion  ionic  and  molecular  compounds,  using  the  periodic  table 
and  a  list  of  ions 

319-2     classify  substances  as  acids,  bases,  or  salts,  based  on  their  characteristics,  name,  and  formula 

319-3     illustrate,  using  chemical  formulas,  a  wide  variety  of  natural  and  synthetic  compounds  that  contain  carbon 

321-1     represent  chemical  reactions  and  the  conservation  of  mass  using  molecular  models,  and  balanced  symboHc 
equations 

321-2     describe  how  neutrahzation  involves  tempering  the  effects  of  an  acid  with  a  base  or  vice  versa 
321-3     illustrate  how  factors  such  as  heat,  concentration,  light,  and  surface  area  can  affect  chemical  reactions 


Specific  learning  outcomes 

GRADE  10 

PHYSICAL  SCIENCE 

3 

ILLUSTRATIVE  EXAMPLE 


After  students  have  developed  an  understanding  of  atomic  structure  and  the  periodic  table  in  grade  9,  the  study  of 
chemical  reactions  provides  them  with  an  opportunity  to  apply  their  understanding  of  atomic  structure  to  how 
chemicals  interact.  By  naming  and  writing  common  compounds  and  balancing  equations,  students  will  begin  to 
make  connections  to  a  variety  of  chemical  examples  in  everyday  Ufe.  This  illustrative  example  emphasizes  the  social 
and  environmental  contexts  of  science  and  technology. 

Exploration 

-  Observe  and  describe  several  examples  of  chemical  reactions  hke  hydrogen  peroxide  and  platinum,  or  potassium 
oxide  and  lead  nitrate. 

-  Determine  the  presence  of  an  acid,  base,  carbon  dioxide,  or  water  by  performing  a  particular  test. 

The  above  exploration  may  lead  to  the  following  question: 

How  are  chemical  reactions  an  important  part  of  our  hves  and  community? 

Development 

-  Use  appropriate  models  to  demonstrate  correct  molecular  formulas  for  a  variety  of  compounds. 

-  Students  perform  a  lab  experiment  to  show  that  mass  is  conserved  in  a  chemical  reaction.  Possible  sources  of 
error  could  be  discussed. 

-  L'sing  four  or  five  stations  in  the  room,  students  produce  a  wide  variety  of  chemical  reactions  to  observe  different 
characteristics  such  as  the  production  of  gases,  precipitates,  and  heat.  Students  then  create  a  collaborative  summary 
to  classify  the  reactions  as  to  type,  and  write  balanced  equations  where  appropriate.  The  use  of  subscripts  for  the 
different  phases  of  the  reactions  should  be  introduced. 

Application 

-  Students  are  presented  with  a  fictional  problem  of  ha\ing  to  increase  production  of  a  particular  product.  Their 
task  is  to  prepare  a  report  outlining  the  most  cost-effective  method  of  increasing  the  reaction  rate.  The  report 
should  include  experimental  evidence  to  support  their  recommendation. 

-  Identify'  a  particular  organic  compound  such  as  an  insecticide,  food  additive,  beaut\'  product,  or  medical  drug,  and 
create  a  hypertext  document  on  tlie  compound's  structure  and  uses,  and  its  impact  on  tlie  environment  iuid  humans. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  117-1,  117-5,  118-5 

-  Skills:212-3,  213-9,  214-5,  215-6 

-  Knowledge:  319-1,  319-3,  321-1 

-  Attitudes:  437,  440,  447,  449 


\203 


Specific  learning  outconnes 


204 


PHYSICAL  SCIENCE 


Nature  of  science  and  technology 

1 14-3  evaluate  the  role  of  continued  testing  in  the  development  and  improvement  of  technologies  (e.g.,  explain 
lx)w  automobiles  are  improved  through  continual  testing  for  reliability,  safety,  and  etivironmental 
impact) 

1 14-  6     relate  personal  activities  and  various  scientific  and  technological  endeavours  to  specific  science  disciplines 

and  interdisciplinary  studies  (e.g.,  relate  automobile  design  to  studies  in  kinematics,  aerodynamics, 
mathematics,  ergonomics,  and  environmental  science) 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 

such  as  ''What  is  the  effect  of  a  head  wi)id  on  the  velocity  of  a  vehicle?''  and  "How  could  the  design 
of  a  vehicle  be  modified  to  take  into  account  a  head  wind?') 

1 1 5-  4     describe  the  historical  development  of  a  technology'  (e.g.,  describe  the  development  of  vehicles  such 

as  bicycles,  sfiowmobiles,  automobiles,  and  motorcy^cles) 

Relationships  between  science  and  technology 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  the  drive  train  of  an  automobile  or  the  gears  of  a  bicycle) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  8     identify  possible  areas  of  further  study  related  to  science  and  technology  (e.g.,  suggest  areas  such  as 

sports  training,  mechanical  engineering,  aerodynamics,  and  ballistics) 

117-  10  describe  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  describe  examples  such 

as  Bombardier's  contributions  to  the  development  of  a  variety  of  vehicles  including  snowmobiles, 
trains,  and  airplanes) 

118-  3     evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  identified  criteria  such  as 

safety,  cost,  availability,  and  impact  on  everyday  fife  and  the  environment  (e.g.,  evaluate  the  design  of  an 
automobile  in  relation  to  safety  and  cost;  evaluate  the  safety  of  an  ultralight  airplane) 


a 


SKILLS  

It  is  expected  that  students  will... 


Initiating  and  planning 

212-4    state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  infonnation  (e.g.,  predict 
how  far  a  vehicle  will  travel  based  on  an  understanding  of  the  displacement,  time,  and  velocity 
relationship) 

212-6    design  an  experiment  and  identify  specific  variables  (e.g.,  design  an  experiment  to  measure  the 
acceleration  of  a  toy  or  model  car) 

212-7     formulate  operational  definitions  of  major  variables  (e.g.,  provide  operational  definitions  for  velocity 
acceleration,  and  displacement) 

212-  9    develop  appropriate  sampfing  procedures  (e.g.,  determine  the  time  or  distance  intervals  at  which 

measurements  will  be  taken  to  determine  the  velocity  of  a  bicycle  rider) 

Performing  and  recording 

21 3-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g,  use  instruments  such  as  stopivatches 

or  photogates  to  collect  data  in  velocity  or  acceleration  investigations) 

213-  4    estimate  quantities  ( e.g. ,  estimate  t/je  time  required  to  travel  a  certain  distance  given  an  approximate 

velocity) 

Analysing  and  interpreting 

214-  7     compare  theoretical  imd  empirical  values  and  account  for  discrepancies  (e.g,  determine  experimentally 

the  value  of  acceleration  due  to  gravity,  compare  this  value  with  the  accepted  value,  and  explain  the 
difference) 

214-8    evaluate  the  relevance,  rehabihty,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  evaluate 
and  suggest  possible  improvements  to  data  collection  methods  while  determining  the  velocity 
of  a  bicycle  rider) 

214-  10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form  that 

acknowledges  the  degree  of  uncertainly  (e.g.,  identify  potential  sources  of  error  in  collecting  data  on 
an  accelerating  object) 

Communication  and  teamwork 

21 5-  2     select  and  use  appropriate  numeric,  symbolic,  graphical,  and  linguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g.,  present  a  graph  showing  an  object's  velocity,  ensuring 
that  the  variables  are  on  the  appropriate  axes) 


Motion 


KNOWLEDGE 

'  is  expected  that  students  will.. 


325-1  describe  quantitatively  the  relationship  among  displacement,  time,  and  velocity 

325-2  analyse  graphically  and  mathematically  the  relationship  among  displacement,  velocity,  and  time 

325-3  distinguish  between  instantaneous  and  average  velocity 

325-4  describe  quantitatively  the  relationship  among  velocity,  time,  and  acceleration 


Specific  learning  outconnes 
PHYSICAL  SCIENCE 


GRADE  10 


ILLUSTRATIVE  EXAMPLE 


The  concept  of  motion  becomes  of  great  interest  to  students  as  they  take  their  test  to  receive  a  driver's  licence. 
Students  should  be  provided  with  opportunities  to  investigate  the  principles  of  kinematics  in  everyday  situations. 
If  students  are  provided  with  a  variety  of  examples  of  motion  to  investigate,  they  will  begin  to  develop  an  under- 
standing of  the  concepts  of  displacement,  velocity,  and  acceleration.  This  illustrative  example  emphasizes  the  nature 
of  science  and  technology. 

Exploration 

-  Using  the  school  field,  students  determine  the  average  velocities  of  their  classmates  running  across  the  school  field 
at  difl^erent  rates.  Discuss  possible  sources  of  error  in  taking  the  measurements. 

-  Produce  a  class  displacement-over-time  graph  of  all  students'  average  velocities.  Then  determine  the  relationship 
between  the  slope  of  each  line  and  the  average  velocity  of  each  student. 

The  above  exploration  may  lead  to  the  following  question: 

What  are  the  acceleration  characteristics  of  different  transportation  vehicles? 

Development 

-  Students  determine  the  acceleration  of  a  bicycle  rider  over  a  short  distance,  and  compare  this  value  to  the 
acceleration  of  a  car  and  an  airplane. 

-  Students  graph  the  data  from  the  bicycle  acceleration  experiment  and  determine  where  the  highest  instantaneous 
velocity  occurred.  They  could  suggest  possible  reasons  for  why  the  velocity  was  highest  at  that  point. 

Application 

-  In  research  teams,  students  select  a  mode  and  vehicle  of  transportation  and  develop  a  consumer  report  on  the 
characteristics  of  the  particular  vehicle  chosen.  The  report  should  include  performance  ratings  like  acceleration 
and  braking  characteristics. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-3,  116-7,  117-8 

-  Skills:212-6,  212-9,  213-3,  214-7 

-  Knowledge:  325-2,  325-4 

-  Attitudes:  440,  443,  444,  449 


GRADE  10 


Specific  learning  outconnes 


EARTH  AND  SPACE  SCIENCE 


Nature  of  science  and  technology 

1 14-  6     relate  personal  activities  and  various  scientific  and  technological  endeavours  to  specific  science  disciplines 

and  interdisciplinary  studies  (e.g.,  relate  measuring  weather phefiomena  to  meteorolog}\  and  evaluating 
wind  speed,  wind  chill,  pressure  fronts,  and  rates  of  evaporation  to  chemistry  and  physics) 

1 1 5-  2     illustrate  how  science  attempts  to  explain  natural  phenomena  (e.g.,  provide  examples  such  as  tornado 

research,  meteorological  predictions,  and  the  effects  on  weather  of  distant  ocean  currents  like  El  Nino 
in  the  Pacific  or  volcanic  eruptions  like  Mount  St.  Helens) 

1 1 5-  6    explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  (e.g.,  explain  how  our 

understanding  of  global  warming  has  changed  as  new  evidence  accumulates) 

Relationships  between  science  and  technology 

116-  1     identify  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the  invention 

of  a  technology  (e.g.,  identify  examples  such  as  satellite  imaging,  which  provided  global  heat  maps; 
airborne  meteorological  observation  stations,  which  informed  scientists  on  atmospheric  phenomena; 
and  barometers,  thermometers,  and  hygrometers,  which  gave  rise  to  quantitative  weather 
record-keeping) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  6    analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 

(e.g.,  analyse  how  the  accuracy  of  weather  predictions  is  enhanced  when  data  from  several  places 
and  people  are  com  bined) 

117-10  describe  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  describe  examples 
such  as  satellite  observation  and  imaging,  and  cold  climate  meteorology) 


Weather  dynamics 


s 


Initiating  and  planning 

212-  1     identify  questions  to  investigate  that  arise  from  practical  problems  and  issues  (e.g.,  develop  questions 

related  to  the  effect  of  heat  energy  transfer  within  the  hydrosphere) 

Performing  and  recording 

213-  6     use  Hbrary  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  use  the  library 

to  collect  information  related  to  the  types  of  airborne  pollutants  present  in  the  atmosphere) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  collect  weather  data,  both  historic  and  current,  from  local  weather  stations, 
newspapers,  and  the  Internet) 

Analysing  and  interpreting 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 

diagrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  use  satellite  pictures,  both  paper  and 
electronic,  as  a  basis  for  predicting  weather) 

214-10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form  that 
acknowledges  the  degree  of  uncertaintv  (e.g.,  explain  possible  sources  of  error  when  interpreting  a 
satellite  picture  used  for  predicting  iveather) 

214-11   provide  a  statement  that  addresses  the  problem  or  answers  the  question  investigated  in  light  of  the  link 
between  data  and  the  conclusion  (e.g.,  using  appropriate  software  simulations  or  data  from  a  research 
project,  shoiv  the  effects  of  increasing  the  concentration  of  a  particular  airborne  pollutant  on  the 
environment) 

214-17  identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  discuss  possible  changes  in 
weather  conditions  due  to  changes  in  heat  energ}^  transfer  within  the  hydrosphere  and  atmosplme) 

Communication  and  teamwork 


215-5    develop,  present,  and  defend  a  position  or  course  of  action,  based  on  findings  (e.g,  use  historical 
and  current  weather  data  to  support  a  position  on  future  weather  patterns) 


II  I  n 


Weather  dynamics 


KNOWLEDGE 

It  is  expected  that  students  will... 


331-1     describe  and  explain  heat  transfer  within  the  water  cycle 

331-2     describe  and  explain  heat  transfer  in  the  hydrosphere  and  atmosphere  and  its  effects  on  air  and  water 
currents 

331-3     describe  how  the  hydrosphere  and  atmosphere  act  as  heat  sinks  within  the  water  cycle 

331-4    describe  and  explain  the  effects  of  heat  transfer  within  the  hydrosphere  and  atmosphere  on  the  development, 
severity,  and  movement  of  weather  systems 

331-5     analyse  meteorological  data  for  a  given  time  span  and  predict  future  weather  conditions,  using  appropri- 
ate methodologies  and  technologies 


Specific  learning  outcomes 


GRADE  10 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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Global  chmate  is  controlled  by  conditions  that  affect  the  absorption  of  radiation  from  the  sun.  An  introduction  to 
global  weather  dynamics  is  an  opportunity  for  students  to  understand  the  relationships  between  weather  patterns 
and  heat  transfer  between  the  hydrosphere  and  atmosphere.  As  students  develop  these  understandings,  they  can 
begin  to  appreciate  the  complexity  of  factors  affecting  global  weather  dynamics.  This  illustrative  example  emphasizes 
the  nature  of  science  and  technology  and  the  unifying  concept  of  energy. 

Exploration 

Students  identily  situations  where  airborne  contaminants  have  been  classified  as  greenhouse  gases.  In  each  situation 
students  should  discuss  the  potential  impact  specific  airborne  contaminants  could  have  on  global  weather  dynamics. 

-  Students  research  various  regional  weather  patterns  over  the  past  100  years  to  map  trends  or  occurrences  of 
weather  phenomena. 

The  above  exploration  may  lead  to  the  foUov^ng  question: 
How  are  airborne  pollutants  affecting  global  weather  systems? 

Development 

-  To  investigate  the  heat-absorption  rates  of  various  chemicals,  students  research  types  of  airborne 
pollutants  that  currendy  exist  and  assess  their  potential  impact  on  globid  warming. 

-  Students  make  predictions  on  the  effects  of  specific  iiirborne  pollutants  and  use  appropriate  simulation  software 
programs  to  test  their  hypotheses  and  to  illustrate  potential  changes  in  global  weather  dynamics. 

-  Students  investigate  the  effects  of  changes  to  the  concentration  of  greenhouse  gases  and  the  potential  impact 
on  regional  weather  dynamics. 

Application 

-  Students  research  teams  use  a  variety  of  resources  to  report  on  greenhouse  gases,  their  heat  capacity,  and  their 
potential  effects  on  global  weather  patterns. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  115-2,  115-6 

-  Skills:  212-1,  213-6,  214-3,  214-17 

-  Knowledge:  331-2,  331-3,  331-4 

-  Attitudes:  445,  448,  450 


Specific  learning  outcomes 
LIFE  SCIENCE 


Nature  of  science  and  technology 

1 14-  2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 

(e.g.,  explain  how  the  cloning  of  a  sheep  in  1997  affected  the  scientific  theory^  of  differentiation) 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 

such  as  "What  are  the  causes  of  human  infertility?"  and  ''What  are  the  possible  solutions  to  infertility?") 

1 1 5-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are 

tested  and  subsequendy  restricted,  revised,  or  replaced  (e.g.,  explain  how  our  knowledge  about  the 
cloning  of  mammals  has  evolved  as  neu^  ideas  have  been  tested) 

Relationships  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 

invention  of  a  technology  (e.g.,  describe  examples  such  as  the  tdtrasound  observation  of  a  fetus) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  explain  the  structure  and  dynamics  of  the  human  reproductive  system) 

Social  and  environmental  contexts  of  science  and  technology 

117-  4    debate  the  merits  of  funding  specific  scientific  or  technological  endeavours  and  not  others  (e.g.,  debate 

the  merits  of funding  solutions  to  human  infertility  versus  funding  human  population  control) 

1 1 8-  4     evaluate  the  design  of  a  technology  and  the  way  it  fimctions  on  the  basis  of  a  variety  of  criteria  that  they  have 

identified  themselves  (e.g.,  investigate  advances  in  the  reproductive  technobgy  of  an  agricultural 
plant  like  canola  or  an  aquaculture  animal  like  salmon) 


11-12 


1 


eproduction  and  development 


SKILLS 


Initiating  and  planning 

212-3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  exjyeriment  to  detertnine 
the  optimal  conditions  for  yeast  or  bacterial  gro  wth) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  ei^aluate  the  use  of  antibiotics  in  interrupting  the 
growth  and  det^elopment  of  certain  bacteria) 

Performing  and  recording 

213-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  use  a  microscope  to  compare  mitosis 

and  meiosis  in  cells) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  collect  information  on  human  reproductive  technolog}'  from  a  variety  of  sources) 

Analysing  and  interpreting 

214-  1 8  identify  and  evaluate  potential  applications  of  findings  (e.g.,  examine  findings  from  research  on  in- 

vitro  fertilization) 

Communication  and  teamwork 

215-  2     select  and  use  appropriate  numeric,  symbolic,  graphical,  and  linguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g.,  conduct  graphical  and  numencal  analyses  of  bacterial 
cultures) 

215-7     evaluate  individual  and  group  processes  used  in  planning,  problem  solving  and  decision  making,  and 

completing  a  task  (e.g.,  evaluate  the  group  processes  in  a  debate  on  t/je  use  ofreproductim  technologies 
for  humans) 


3 


Reproduction  and  development 

Specific  learning  outcomes 

1  11-12 

LIFE  SCIENCE 

KNOWLEDGE 

ILLUSTRATIVE  EXAMPLE 

313-1 

313-2 
313-3 
313-4 
313-5 
313-6 


analyse  and  explain  the  life  cycle  of  a  representative  organism  from  each  kingdom,  including  a  representative 
virus 

describe  in  detail  mitosis  and  meiosis 

analyse  and  describe  the  structure  and  function  of  female  and  male  mammalian  reproductive  systems 

explain  the  human  reproductive  cycle 

explain  current  reproductive  technologies  for  plants  and  animals 

evaluate  the  use  of  reproductive  technologies  for  humans 


Reproduction  is  an  essential  process  for  all  living  organisms.  Besides  understanding  some  principles  of  how  living 
organisms  reproduce,  students  can  begin  to  appreciate  the  complexity  and  impact  of  reproduction  technologies. 
Analysis,  from  a  variety  of  perspectives,  of  the  risks  and  benefits  of  these  technologies  creates  opportimities  for  students 
to  apply  scientific  knowledge,  skills,  and  attitudes  in  meaningful  situations.  This  illustrative  example  emphasizes 
the  social  and  environmental  contexts  of  science  and  technology  and  the  unifying  concept  of  constancy  and  change. 

Exploration 

-  Animal  husbandry  has  revolutionized  the  use  of  in  vitro  techniques.  The  reproductive  rates  of  valuable  hvestock 
have  increased  dramatically,  as  have  beneficial  traits  in  new  breeds.  Students  consider  the  following  hst  of 
techniques  and  identify'  techniques  they  have  heard  about:  superovulation  of  donor  with  gonadotrophins;  artificial 
insemination  (Al);  nonsurgical  removal  of  embryos;  transfer  of  embryo  to  surrogate;  birth  after  embryo  transfer 

The  above  exploration  may  lead  to  the  following  question: 

Should  biotechnology  be  used  to  rapidly  propagate  endangered  species? 

Development 

Students  research  and  debate  the  following  statement: 

-  If  the  most  desirable  domestic  animals  are  able  to  parent  an  entire  herd  in  each  reproductive  cycle,  could  this 
technique  not  be  applied  to  endangered  species?  (In  April  1990,  Marv  Alice,  a  rare  Siberian  tiger,  was  bom 

as  a  result  of  the  use  of  an  in  vitro  fertilization  technology.) 

-  Students  interview  a  reproductive  technologist  using  questions  hke:  "Should  endangered  species  be  presened?" 
"At  what  cost?"  "Who  decides?"  "Might  this  technology  result  in  an  uncontrolled  monster?" 

Application 

-  To  evaluate  the  potential  application  of  their  findings,  students  might  complete  a  risk/benefit  analysis 

of  the  desirabihty  of  preserving  endangered  species  by  considering  the  following:  siifetv,  efficiency  of  practice, 
quahty  of  hfe,  and  cost-effectiveness. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  115-1,  116-2,  118-4 

-  Skills:212-8,  214-18,  215-7 

-  Knowledge:  313-5,  313-6 

-  Attitudes:  437,  442,  445 
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11  -  12 


Specific  learning  outcomes 


LIFE  SCIENCE 


Nature  of  science  and  technology 


114-4 


114-7 


114-9 


115-5 


identiiy  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 
(e.g.,  identify'  the  limitations  of  the  light  microscope  compared  to  those  of  the  electron  microscope) 

compare  processes  used  in  science  with  those  used  in  technology  (e.g.,  compare  how  scientific  discoveries 
about  microbes  have  been  made  with  how  microbes  have  been  used  in  Canadian  biotechnological 
endeavours) 

explain  the  importance  of  communicating  the  results  of  a  scientific  or  technological  endeavour, 
using  appropriate  language  and  conventions  (e.g.,  explain  the  importance  of  recent  discoveries 
in  biotechnological  endeavours,  using  appropriate  language) 

analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  explain  how 
the  light  microscope  has  evolved  over  time) 


Relationships  between  science  and  technology 

1 1 6-  6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 

principles  (e.g.,  use  scientific  principles  to  explain  how  instruments  that  measure  the  metabolic 
rate  of  an  organism  function) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  9     analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify  areas  of  further  study  related 

to  science  and  technology  (e.g.,  identif)' pharmacology  as  an  area  that  relies  on  the  knowledge  and 
skills  of  biochemistr}) 


Matter  and  energy  for  life 


SKILLS 


Initiating  and  planning 

212-  7    formulate  operational  definitions  of  major  variables  (e.g.,  provide  operational  definitions  for  reaction 

rate,  pH,  and  surface  area) 

Performing  and  recording 

213-  2     carry  out  procedures  controlling  the  major  variables  and  adapting  or  extending  procedures  where  required 

(e.g.,  conduct  an  investigation  of  the  action  of  saliva  on  starch,  controlling  major  variables) 

213-5    compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facilitate  interpretation 
of  the  data  (e.g.,  use  captioned  diagrams  to  illustrate  various procaryvtic  and  eucaryotic  cells) 

213-8    select  and  use  apparatus  and  materials  safely  (e.g.,  use  materials  safely  during  the  identification  of 
biochemical  compounds) 

213-  9    demonstrate  a  knowledge  of  WHMIS  standards  by  selecting  and  applying  proper  techniques  for  handling  and 

disposing  of  lab  materials  (e.g.,  demonstrate  a  knoivledge  ofWKMIS  standards  when  using  biochemical 
compounds) 

Analysing  and  interpreting 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 

digrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  display  graphically  the  relationship  between 
light  and photosynthetic  activity) 

214-4    identify  a  fine  of  best  fit  on  a  scatter  plot  and  interpolate  or  extrapolate  based  on  the  line  of  best  fit 
(e.g.,  identify  a  best  fit  line  from  data  collected  in  an  experiment  related  to  the  effect  of 
temperature  and  enzyme  activity) 

214-  1 1   provide  a  statement  that  addresses  the  problem  or  answers  the  question  investigated  in  light  of  the  link 

between  data  and  the  conclusion  (e.g.,  describe  the  optimal  conditions  for  the  fermentation  process 
involved  in  making  bread) 

Communication  and  teamwork 

215-  6    work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems  as  they 

arise  (e.g.,  participate  in  a  group  preparation  and  presentation  of  research  on  the  technological 
evolution  of  a  microscope) 


Matter  and  energy  for  life 


KNOWLEDGE 

It  is  expected  that  students  will... 


314-1     identify  chemical  elements  and  compounds  that  are  commonly  found  in  living  systems 

314-2     identify  the  role  of  some  compounds,  such  as  water,  glucose,  and  ATP,  commonly  found  in  Uving  systems 

314-3     identify  and  describe  the  structure  and  function  of  important  biochemical  compounds,  including 
carbohydrates,  proteins,  lipids,  and  nucleic  acids 

314-4  explain  the  critical  role  of  enzymes  in  cellular  metabohsm 

314-5  explain  the  cell  theory 

3 1 4-6  describe  cell  organelles  visible  with  the  light  and  electron  microscopes 

314-7  compare  and  contrast  different  types  of  procaryotic  and  eucaryotic  cells 

314-8     describe  how  organelles  manage  various  cell  processes  such  as  ingestion,  digestion,  transportation, 
and  excretion 

314-9    compare  and  contrast  matter  and  energy  transformations  associated  with  the  processes  of  photosynthesis 
and  aerobic  respiration 


Specific  learning  outcomes 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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A  Uving  thing  is  more  than  a  set  of  chemical  reactions  or  a  physical  machine.  Much  knowledge  about  living  systems 
has  been  derived  by  studying  cellular  metabohsm  and  the  physical  processes  that  occur  within  a  cell.  Students 
should  have  some  appreciation  for  the  complexity  of  life  at  the  cellular  and  molecular  levels  of  organization. 
This  illustrative  example  emphasizes  the  nature  of  science  and  technology  and  the  unifying  concept  of  energy. 

Exploration 

-  Based  on  previous  experience  in  other  areas  of  study  deahng  with  health  and  nutrition,  students  might  already 
know  the  four  groups  of  fundamental  biochemicals:  carbohydrates,  lipids,  proteins,  and  nucleic  acids. 
Students  discuss  in  small  groups  and  report  orally  to  the  class  all  they  know  about  these  biochemicals. 

The  above  exploration  may  lead  to  the  following  question: 

What  are  the  characteristics  of  the  fundamental  groups  of  biochemical  molecules  so  important  to  Ufe? 
Development 

-  Using  guided  inquiry,  employing  a  teamwork  approach  to  doing  formal  experiments,  and  consulting  resource 
materials,  students  identify'  carbohydrates,  hpids,  and  proteins  through  a  variety'  of  tests  and  indicators,  use 

a  calorimeter  to  measure  the  amount  of  energy  (Kcal)  in  foods,  measure  the  metabohc  rate  of  a  unicellular 
organism,  and  extract  DNA. 

Application 

-  Once  a  basic  understanding  of  biochemical  molecules  has  been  achieved,  students  need  to  be  encouraged 
by  activities  that  can  extend  their  understanding  of  biochemistry. 

-  Students  conduct  an  interview  with  a  biochemist  to  learn  more  about  career  opportunities  in  this  field. 

-  Students  research  which  microorganisms  are  used  to  make  certain  biochemical  products  such  as  hormones 
and  drugs. 

-  Students  inquire  into  how  various  biochemical  molecules  are  involved  in  cellular  structures  and  processes. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-7,  117-9 

-  Skills:213-2,  213-8,  215-6 

-  Knowledge:  314-1,  314-2,  314-3 

-  Attitudes:  440,  443,  449 


11  -12 


Specific  learning  outcomes 


LIFE  SCIENCE 


STSE 


Nature  of  science  and  technology 
114-7 


115-3 


compare  processes  used  in  science  with  those  used  in  technology  (e.g.,  compare  the  significant  discoveries 
about  the  concept  of  the  gene  with  the  technological  inventions  used  to  determine  the  genome  of  an 
organism) 

explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 

(e.g.,  explain  how  the  structure,  function,  and  replication  of  DM  rei^olutionized  the  understanding 

of  heredi  t  y) 


Relationships  between  science  and  technology 


116-4 


116-6 


analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 
(e.g.,  describe  examples  such  as  the  invention  of  gel  electrophoresis  for  DNA  analysis) 

describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 
principles  (e.g.,  et^aluate  treatments  for  various  cancers,  such  as  chemotherap)\  radiation  therap}', 
surger}',  and  holistic  approaches) 


Social  and  environmental  contexts  of  science  and  technology  | 

117-2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  analyse  society's  role  in 
determining  the  level  of  cancer  research) 

117-  7     identify  and  describe  science-  and  technology-based  careers  related  to  the  science  they  are  studying 

(e.g.,  describe  careers  such  as  geneticist,  biochemist,  hospital  technician,  and  oncologist) 

118-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  amdyse  the  risks  and  benefits  of 
using  genetically  engineered  microorganisms  for  drug  production,  pollution  clean-up,  environ- 
mental monitoring,  and  mining) 

118-6    construct  arguments  to  support  a  decision  or  judgement,  using  examples  and  evidence  and  recognizing 
various  perspectives  (e.g.,  take  and  defend  a  position  on  the  use  of  information  from  the  Human 
Genome  Project  by  the  biotechnology  industry) 


1 


Genetic  continuity 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

212-4    state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information  (e.g.,  predict 
the  results  of  a  dihybrid  cross) 

212-  9    develop  appropriate  sampling  procedures  (e.g.,  det^lop  appropriate  sampling  products  for  determining 

the  incidence  of  various  hereditary  characteristics  in  a  given  population) 

Performing  and  recording 

213-  1     implement  appropriate  sampling  procedures  (e.g.,  conduct  a  survey  in  the  school  or  community 

to  establish  the  incidence  of  various  hereditary  characteristics) 

Analysing  and  interpreting 

214-  5    interpret  patterns  and  trends  in  data,  and  infer  or  calculate  hnear  and  nonUnear  relationships  among 

variables  (e.g.,  graph,  for  a  wide  variety  of  animals,  the  average  adult  mass  of  each  species  versus 
its  chromosome  number) 

214-8    evaluate  the  relevance,  rehabihty,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  evaluate  the 
determination  of  genomes  done  b}'  scientists) 

214-12  explain  how  data  support  or  refute  the  hypothesis  or  prediction  (e.g.,  describe  the  possible  relationship 
between  the  average  mass  of  an  adult  animal  and  the  number  of  its  chromosomes) 

214-  14  construct  and  test  a  prototype  of  a  device  or  system  and  troubleshoot  problems  as  they  arise 

(e.g.,  improve  an  experimental  procedure  to  extract  DNA  from  bacterial  or  plant  cells) 

Communication  and  teamwork 

215-  5    develop,  present,  and  defend  a  position  or  course  of  action,  based  on  findings  (e.g.,  defend  a  position 

on  the  use  of  genetically  engineered  microorganisms  for  drug  production  and  pollution  clean-up) 

215-7     evaluate  individual  and  group  processes  used  in  planning,  problem  solving  and  decision  making,  and 

completing  a  task  (e.g.,  evaluate  the  database  on  genetic  research  obtained  from  Internet  web  sites) 


Genetic  continuity 


315-1 
315-2 


315 

-3 

315 

■4 

315 

-5 

315 

-6 

315 

-7 

315 

■8 

315 

-9 

315 

-10 

KNOWLEDGE 

It  is  expected  that  students  will... 


summarize  the  main  scientific  discoveries  that  led  to  the  modern  concept  of  the  gene 

describe  and  illustrate  the  role  of  chromosomes  in  the  transmission  of  hereditary  information  from 
one  cell  to  another 

demonstrate  an  understanding  of  Mendelian  genetics,  including  the  concepts  of  dominance,  co-dominance, 
recessiveness,  and  independent  assortment,  and  predict  the  outcome  of  various  genetic  crosses 

compare  and  contrast  the  structures  of  DNA  and  RNA  and  explain  their  roles  in  protein  synthesis 

explain  the  current  model  of  DNA  repUcation 

describe  factors  that  may  lead  to  mutations  in  a  cell's  genetic  information 
predict  the  effects  of  mutations  on  protein  synthesis,  phenotypes,  and  heredity 
explain  circumstances  that  lead  to  genetic  diseases 

demonstrate  an  understanding  of  genetic  engineering,  using  their  knowledge  of  DNA 
explain  the  importance  of  the  Human  Genome  Project  and  summarize  its  major  findings 


Specific  learning  outcomes 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


1213 


Much  of  the  structure  and  function  of  every  living  organism  is  determined  by  genetic  material.  It  is  important 
for  a  scientifically  Hterate  person  to  understand  principles  and  fundamentals  about  genetic  material:  what  it  is; 
how  it  works;  how  humans  are  manipulating  it;  and  why  this  major  area  of  scientific  and  technologicid  endeavour 
has  imphcations  for  humans  and  planet  Earth.  This  illustrative  example  emphasizes  the  social  and  environmental 
contexts  of  science  and  technology  and  the  unifying  concept  of  constancy  and  change. 

Exploration 

-  Students  brainstorm  ideas  about  genetic  material  and  discuss  their  preconceptions.  They  then  assemble  their  ideas 
and  show  die  interrelationships  between  these  ideas  on  a  concept  web,  based  on  dieir  current  understanding.  (At  the 
end  of  the  study  or  as  an  assessment  tool,  concept  webs  can  be  reconstructed  to  show  growth  in  understanding.) 

The  above  exploration  may  lead  to  the  following  question: 

How  can  the  principles  of  genetics  be  applied  to  a  case  study  Uke  the  Human  Genome  Project? 
Development 

-  Students  extract  DNA  from  onions  or  bacteria. 

-  Students  research  tools  and  techniques  used  to  study  genetics.  Areas  of  research  to  consider  include 

the  polymerase  chain  reaction  (PGR)  process,  DNA  "fingerprinting,"  gene  probes,  recombinant  DNA,  cloning, 
genetic  markers,  and  gene  mapping. 

Application 

-  Students  conduct  a  major  research  report  on  the  Human  Genome  Project.  L  sing  a  variety  of  print  and 
electronic  sources,  students  could  consider  the  following  areas:  How  and  why  is  the  Human  Genome  Project 
being  conducted?  What  are  the  implications  of  decoding  the  complete  human  genome?  What  are  potential  career 
pathways  that  would  enable  a  student  to  participate  in  the  Humiui  Genome  Project?  As  a  follow-up  activitv 

to  the  report,  students  could  debate  the  issue  of  whether  society  should  support  the  Human  Genome  Project. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  117-2,  117-7,  118-6 

-  Skills:2l4-8,  214-14,  215-7 

-  Knowledge:  315-10 

-  Attitudes:  436,  439,  445 


i 


11  -  12 


Specific  learning  outcomes 


214\ 


LIFE  SCIENCE 


Evolution,  change,  and  diversity 


STS  E 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

1 14-2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 
(e.g.,  explain  how  our  knowledge  of  pathogen  resistance  to  antibiotics  has  contributed  to  our 
knowledge  of  evolution) 

1 14-  5     describe  the  importance  of  peer  review  in  the  development  of  scientific  knowledge  (e.g.,  describe  how 

the  theor}'  of  evolution  was  refined  by  the  contributions  of  different  scientists) 

1 1 5-  7    explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are 

tested  and  subsequently  restricted,  revised,  or  replaced  (e.g.,  explain  how  fossil  data  contributed  to  the 
theory  of  the  evolution  of  species) 

Relationships  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 

invention  of  a  technology  (e.g.,  describe  examples  such  as  carbon  dating  and  the paleontological 
analysis  of  fossils) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  6     analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 

( e.g. ,  explain  that  an  in  -depth  obsen^ation  of  a  particular  organism  can  be  an  individual  endeatmir  and 
that  the  sharing  of  results  in  microbiological  research  can  take  place  during  scientific  conferences) 

1 1 7-  9     analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify  areas  of  further  study  related 

to  science  and  technology  (e.g.,  analyse  the  knowledge  and  skills  required  to  become  an  evolutionist, 
a  paleontologist,  a  physiologist,  or  an  entomologist) 

118-  6    construct  arguments  to  support  a  decision  or  judgement,  using  examples  and  evidence  and  recognizing 

various  perspectives  (e.g,  summarize  the  evidence  for  the  theory  of  evolution  and  describe  alternative 
explanations  for  the  same  phenomena) 


1 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

212-  1     identify  questions  to  investigate  that  arise  from  practical  problems  and  issues  (e.g. ,  identify  questions  such 

as  "Why  do  microorganisms  evolw  so  quickfyr  and  "What factors  have  contributed  to  the  dilemma  that 
pharmaceutical  companies  face  in  trying  to  develop  neu^  antibiotics  because  so  many  microorganisms 
are  resistant  to  existing  antibiotics.^') 

Performing  and  recording 

213-  6    use  hbrary  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  use  the  Internet 

to  access  Web  sites  and  collect  relevant  information  on  evolution  and  biodiversity) 

Analysing  and  interpreting 

2 1 4-  2     identify  limitations  of  a  given  classification  system  and  identify  alternative  ways  of  classifying  to  accommodate 

anomahes  (e.g.,  identify  the  limitations  of  a  five  kingdom  model for  classifying  all  living  s}'stems) 

214-6    appfy  and  assess  alternative  theoretical  models  for  interpreting  knowledge  in  a  given  field  (e.g.,  analyse 
the  debate  among  scientists  about  punctuated  equilibrium  versus  gradualism ) 

214-  17  identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  create  a  list  of  questions  that 

need  to  be  answered  about  planetary  biodiversity  or  about  human  evolution ) 

Communication  and  teamwork 

215-  1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond 

to  the  ideas  of  others  (e.g,  present  the  results  of  a  group  investigation  of  an  organism  representative 
of  a  certain  kingdom) 

21 5-4    identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g.,  identify  various 
perspectives  on  such  issues  as  the  origin  of  life,  the  protection  of  wild  species  of  plants,  and  the 
preservation  of  wilderness  areas) 


Evolution,  change,  and  diversity 


KNOWLEDGE 

It  is  expected  that  students  will... 


316-1     describe  historical  and  cultural  contexts  that  have  changed  evolutionary  concepts 

316-2    evaluate  current  evidence  that  supports  the  theory  of  evolution  and  that  feeds  the  debate  on  gradualism 
and  punctuated  equihbrium 

316-3     analyse  evolutionary  mechanisms  such  as  natural  selection,  genetic  variation,  genetic  drift,  artificial  selection, 
and  biotechnology,  and  their  effects  on  biodiversity  and  extinction 

316-4    outline  evidence  and  arguments  pertaining  to  the  origin,  development,  and  diversity  of  living  organisms 
on  Earth 

316-5     use  organisms  found  in  a  local  or  regional  ecosystem  to  demonstrate  an  understanding  of  fundamental 
principles  of  taxonomy 

316-6     describe  the  anatomy  and  physiology  of  a  representative  organism  from  each  kingdom,  including  a 
representative  virus 


Specific  learning  outcomes 
LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Science  attempts  to  provide  an  explanation  for  the  origin  and  evolution  of  hfe  on  Earth.  Evidence  for  evolutionary 
change  can  be  found  in  such  things  as  fossil  records,  plate  tectonics,  and  DNA  samples.  Although  students  are 
always  fascinated  by  the  evidence  of  and  stories  about  dinosaurs,  a  study  of  the  fossil  evidence  for  a  common 
domesticated  living  animal,  such  as  the  horse,  can  be  valuable.  This  illustrative  example  emphasizes  the  nature 
of  science  and  technology  and  the  unifying  concept  of  similarity  and  diversity. 

Exploration 

-  Students  can  discuss  the  fossils  of  domesticated  animals  or  pets  they  have  seen  in  a  museum  or  on  TV. 

-  What  structural  features  of  mammals  have  changed  the  most  over  time?  Make  an  extensive  hst  to  guide  further 
inquiry. 

The  above  exploration  may  lead  to  the  following  question: 

What  evolutionary  evidence  exists  for  the  ancestry  of  a  modem  animal? 

Development 

-  Students  trace  the  ancestry  of  the  modem  horse  from  Eohippus  to  Equus  to  detemiine  the  historic^  changes 
required  in  its  evolution  from  a  small,  woodlands  browser  to  a  large,  plains-dwelling  gnizer. 

-  If  students  are  provided  with  illustrations  (drawings,  photos,  art)  that  compare  possible  chiuiges  in  anatomy  such 
as  size,  leg  anatomy,  and  tooth  anatomy,  they  can  evaluate  evidence  for  the  tlieory  of  evolution.  Fjcamination  of  tlie 
illustrations  could  include  the  following  question:  How  are  dietary  changes  Hnked  to  changes  in  tooth  anatomy? 

-  Further  student  inquiry  can  be  stimulated  by  asking  and  discussing  questions  such  as:  What  advantages  would  a 
tall  horse  have  as  a  plains-dweller?  Why  would  running  be  necessan  for  a  plains-dweller':'  How  did  changes  in 
the  environment  result  in  an  evolutionary  adaptation? 

Application 

-  Students  could  investigate  and  report  on  the  evolution  of  the  cat,  dog  (or  other  household  pets),  and/or  other 
domesticated  animals  used  in  agriculture.  If  possible,  visit  a  local  museum  that  contains  the  paleontological  story 
of  various  animals  or  plants.  Groups  of  students  could  videotape  and  share  a  story  of  a  chosen  organism  with  the 
class  or  do  this  as  part  of  a  written  research  project. 


This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-2,  115-7,  118-6 

-  Skills:213-6,  214-6,  215-4 

-  Knowledge:  316-3 

-  Attitudes:  440,  442,  444 


1 


11-12 


Specific  learning  outcomes 


276 


LIFE  SCIENCE 


M 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

1 14-  4    identify  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 

(e.g.,  identify  the  concerns  of  medical  doctors  and  engineers  with  regard  to  "sick  building  syndrome") 

115-  5     analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  describe 

the  evolution  of  radiation  therapy  technology  over  time) 

Relationships  between  science  and  technology 

1 1 6-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  describe  examples  such  as  chemotherapy,  which  is  based  on  the  toxic  effect  of  specific 
chemicals  on  microorganisms  or  cells) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  the  vascular  systems  of  plants  to  explain  how  they  have  adapted for  survival  in  heal 
ecosystems) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  explain  how  the  need  to 

maintain  wellness  in  humans  led  to  the  development  of  dietary  products  and  fitness  equipment) 

1 1 7-  4    debate  the  merits  of  funding  specific  scientific  or  technological  endeavours  and  not  others  (e.g.,  debate 

the  relative  merits  of funding  for  the  prevention  versus  the  treatment  of  illness) 

118-  8    distinguish  between  questions  that  can  be  answered  by  science  and  those  that  cannot,  and  between 

problems  that  can  be  solved  by  technology  and  those  that  cannot  (e.g.,  distinguish  between  questions 
such  as  "Is  there  a  genetic  basis  to  all  allergies?  "  and  "How  long  will  a  particular  person  live?") 

118-10  propose  courses  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  an 
array  of  perspectives,  including  that  of  sustainability  (e.g.,  propose  guidelines  for  selecting  the  most 
appropriate  organ  transplant  recipient  from  a  number  of possible  candidates) 


SKILLS 

is  expected  that  students  will. 


Initiating  and  planning 

212-  6    design  an  experiment  and  identify  specific  variables  (e.g.,  design  an  experiment  to  distinguish  learned 

from  innate  behaviours) 

Performing  and  recording 

213-  4    estimate  quantities  (e.g,  estimate  the  angles  of  growth  in  a  study  of phototropisms) 

213-  5    compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facihtate  interpretation 

of  the  data  (e.g.,  organize  a  table  showing  an  appropriate  weekly  diet) 

Analysing  and  interpreting 

214-  9     identify  and  apply  criteria,  including  the  presence  of  bias,  for  evaluating  evidence  and  sources  of  information 

(e.g,  identify  criteria  to  determine  the  appropriate  level  of  fitness  activity  considering  age  and 
health) 

214-10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form  that 
acknowledges  the  degree  of  uncertaintv'  (e.g,  identify^  and  explain  possible  sources  of  error  in  an 
experimefitation  of  phototropisms  in  plants) 

214-  15  propose  alternative  solutions  to  a  given  practical  problem,  identify  the  potential  strengths  and  weaknesses 

of  each,  and  select  one  as  the  basis  for  a  plan  (e.g,  develop  a  nutrition  and fitness  plan  that  could  be 
modified  for  a  variety  of  medical  conditions) 

Communication  and  teamwork 

215-  2     select  and  use  appropriate  numeric,  symboUc,  graphical,  and  linguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g,  use  a  flowchart  to  describe  representative  feedback 
mechanisms  in  living  systems) 

21 5-4    identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g,  identify^  various 
perspectives  on  issues  defined  by  questions  such  as  "Is  there  a  need  for  cosmetic  surgery^?  "  and 
"Should  cigarettes  be  banned?" 


Maintaining  dynamic  equilibrium 


Specific  learning  outcomes 


LIFE  SCIENCE 


KNOWLEDGE 

It  is  expected  that  students  will...  \ 


317-1     explain  how  different  plant  and  animal  systems,  including  the  vascular  and  nervous  systems, 
help  maintain  homeostasis 

317-2     analyse  homoeostatic  phenomena  to  identify  the  feedback  mechanisms  involved 

317-3     explain  the  importance  of  nutrition  and  fitness  to  the  maintenance  of  homeostasis 

317-4    evaluate  the  impact  of  viral,  bacterial,  genetic,  and  environmental  diseases  on  an  organism's  homeostasis 

317-5     evaluate,  considering  ethical  issues,  the  consequences  of  medical  treatments  such  as  radiation  therapy, 
cosmetic  surgery,  and  chemotherapy 

317-6     predict  the  impact  of  environmental  factors  such  as  allergens  on  homeostasis  within  an  organism 

317-7     describe  how  the  use  of  prescription  and  nonprescription  drugs  can  disrupt  or  help  maintain  homeostasis 

317-8     explain  how  behaviours  such  as  tropisms,  instinct,  and  learned  behaviour  help  to  maintain  homeostasis 


ILLUSTRATIVE  EXAMPLE 


All  living  organisms  struggle  to  maintain  an  internal  balance  in  response  to  the  constant  pressure  of  external  phenomena. 
Students  should  be  provided  with  a  variety  of  opportunities  to  study  different  factors  affecting  an  organism's  homeostasis. 
Through  this  study  students  begin  to  appreciate  the  complexity  of  mechanisms  involved  in  homeostatic  regulation. 
This  illustrative  example  emphasizes  the  nature  of  science  and  technology  and  the  unifying  concept  of  systems 
and  interactions. 

Exploration 

-  Students  discuss  how  plants  in  their  yards,  gardens,  and  communities  survive  some  of  the  severe  weather 
and  chmate  conditions  in  Canada. 

The  above  exploration  may  lead  to  the  following  question: 

How  do  plants  use  homoeostatic  mechanisms  to  adapt  and  survive? 

Development 

-  Students  research,  design,  and/or  conduct  experiments  to  investigate:  the  transpiration  tension  theory  of 
vascular  plants;  behaviourial  adaptations;  tropisms  like  hydrotropism,  geotropism,  chemotropism,  phototropism; 
and  the  effect  of  growth  hormones  on  plants. 

-  Students  inquire  into  the  following  question:  How  do  gardeners,  horticulturalists,  agriculturalists,  and  tree 
technologists  promote  plant  adaptation  and  survival  for  use  by  human  communities? 

Application 

-  Students  choose  a  plant,  propagate  it,  and  assist  its  homoeostatic  mechanisms  to  help  the  plant  survive  in  the 
conditions  of  their  home. 

-  Students  research  hardiness  zones  in  Canada,  and  describe  how  some  plants  can  survive  in  certain  zones  when 
others  cannot. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  116-4,  118-8 

-  Skills:  212-6,  213-5,  215-2 

-  Knowledge:  317-1,  317-8 

-  Attitudes:  439,  443 


k 


Specific  learning  outcomes 


In 


LIFE  SCIENCE 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 

such  as  ''Which  elements  and  components  are  essential  for  healthy  human  nutrition?"  and 
''What  mechanisms  can  be  used  to  ensure  the  delivery  of  a  safe  and  nutritious  food  supply  in 
sufficient  quantity?*') 

Relationships  between  science  and  technology 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  and  expUiin  systems  such  as  plant  vascular  systems  or  crop  fertilization  systems) 

Social  and  environmental  contexts  of  science  and  technology 

117-  5     provide  examples  of  how  science  and  technology  are  an  integral  part  of  their  lives  and  their  community 

(e.g.,  provide  examples  of  hoiv  certain  behaviours  within  a  community  can  have  an  impact  on 
biodiversity) 

1 1 7-6     analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 
(e.g.,  debate  the  implications  of  human  population  growth,  taking  into  account  perspectives  brought 
by  specialists  in  various  science  areas) 

117-7     identify  and  describe  science-  and  technology-based  careers  related  to  the  science  they  are  studying 
(e.g.,  describe  careers  such  as  population  ecologist,  climatologist,  agronomist,  resource  manager, 
eco-economist,  and  nutritionist) 

117-  11   analyse  examples  of  (Canadian  contributions  to  science  and  technology  (e.g.,  analyse  Canadian  contributions 

to  the  development  of  sustainable  agriculture) 

118-  10  propose  courses  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  an  array 

of  perspectives,  including  that  of  sustainabihty  (e.g.,  suggest  solutions  that  might  reduce  the  impact  of 
the  internal  combustion  engine  on  society  and  the  environment) 


teractions  among  living  things 


SKILLS 

is  expected  that  students  will.. 


Initiating  and  planning 

212-  2     define  and  delimit  problems  to  facilitate  investigation  (e.g.,  identify  the  critical  variables  in  climatogram 

studies) 

Performing  and  recording 

213-  6     use  library  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  use  local  resources 

and  the  Internet  to  collect  information  about  the  biome  in  which  the)'  live) 

Analysing  and  interpreting 

214-  1     describe  and  apply  classification  systems  and  nomenclatures  used  in  the  sciences  (e.g.,  review  the  ecologi- 

cal hierarchy  of  an  organization  of  living  systems,  from  the  individual  to  the  biosphere) 

214-7     compare  theoretical  and  empirical  values  and  account  for  discrepancies  (e.g.,  analyse  the  difficulties 
in  accurately  assessing  fish  or  wild  animal  populations) 

214-  8     evaluate  the  relevance,  reliability,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  et^aluate  the 

collection,  verification,  and  use  of  climatogram  data  for  the  benefit  of  society  and  the  environment) 

Communication  and  teamwork 

215-  3     synthesize  information  from  multiple  sources  or  from  complex  and  lengthy  texts  and  make  inferences 

based  on  this  information  (e.g.,  use  a  variety  of  information  sources  that  illustrate  the  impact  of 
the  internal  combustion  engine  on  society  and  the  environment) 

215-7     evaluate  individual  and  group  processes  used  in  planning,  problem  solving  and  decision  making, 
and  completing  a  task  (e.g.,  complete  a  group  project  on  sustainable  agriculture) 


Interactions  among  living  things 


KNOWLEDGE 

It  is  expected  that  students 


318-7     compare  Canadian  biomes  in  terms  of  climate,  vegetation,  physical  geography,  and  location 
318-8     describe  population  growth  and  explain  factors  that  influence  population  growth 
318-9     analyse  interactions  within  and  between  populations 

318-10  evaluate  Earth's  carrying  capacity,  considering  human  population  growth  and  its  demands  on  natural 
resources 

318-11   use  the  concept  of  the  energy  pyramid  to  explain  the  production,  distribution,  and  use  of  food  resources 


Specific  learning  outcomes 


11-12 


LIFE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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At  the  biome  and  ecosphere  levels  of  biological  organization,  there  are  many  complex  interactions  between  biotic 
and  abiotic  factors.  Building  on  their  understanding  of  ecosystems  and  certain  principles  of  population  dynamics, 
it  is  important  that  students  understand  the  many  interrelationships  affecting  human  population  growth.  This  illustrative 
example  emphasizes  environmental  and  social  contexts  within  science  and  technology  and  the  unifying  concept  of 
systems  and  interactions. 

Exploration 

-  Taking  an  example  of  a  local/regional  endangered  species,  students  review  the  determiners  of  population:  natality, 
mortahty,  emigration,  and  immigration.  Students  then  brainstorm  factors  that  affect  human  natahty  and  mortahty. 

The  above  exploration  may  lead  to  the  following  question: 

Why  should  we  be  concerned  about  Earth's  carrying  capacity  for  the  human  population? 
Development 

-  Graphs  may  be  located  in  resource  materials  or  constnicted  from  data  tables  to  illustrate  the  historical  growth 

of  human  population  based  on  estimated  data.  Project  the  graph  line  into  the  future  as  an  exercise  of  prediction  and 
extrapolation  in  terms  of  hnear  or  exponential  growth  and  doubhng  time. 

Application 

-  Students  identify  which  social  and  environmental  factors  need  to  be  considered  and  changed  locally,  regionally, 
and  globally  to  create  a  sustainable  human  population  for  planet  Earth. 

-  Students  research  and  then  debate  the  ethics  of  human  population  control. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  117-5,  117-6,  117-11 

-  Skills:212-2,  213-6,  215-7 

-  Knowledge:  318-10 

-  AtUtudes:  446,  447,  448 


220] 


Specific  learning  outcomes 


CHEMISTRY 


STSE 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

1 14-  4     identify  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 

(e.g.,  identify  constraints  siich  as  cost  and  care  for  the  environment  when  using  freon  for  refrigerators 
and  air  conditioners  or  when  deciding  on  the  degree  to  which  petroleum  will  be  refined) 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 

such  as  How  are  PCBs  converted  into  dioxins?  and  technological  problems  such  as  How  we  can 
dispose  of  contaminated  samples) 

1 1 5-3     explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 

(e.g.,  explain  hoiv  Kekule's  invention  of  the  concept  of  the  ring  structure  of  benzene  revolutionized 
thinking  in  chemistry) 

1 1 5-  6     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  fight  (e.g.,  explain  how  the  concept 

of  the  ring  structu  re  of  benzene  was  the  basis  for  a  lot  of  new  research  in  organic  chemistry) 

Relationships  between  science  and  technology 

116-  6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 

principles  (e.g.,  evaluate  the  way  a  herbicide  that  is  not  toxic  to  humans  and  does  not  accumulate 
in  the  environment  functions) 

analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 
(e.g.,  analyse  the  numerous  steps  involved  in  the  refining  of  petroleum  to  obtain  gasoline  and 
a  variety  of  additives  for  car  engines) 


116-7 


Social  and  environmental  contexts  of  science  and  technology 

117-4     debate  the  merits  of  handing  specific  scientific  or  technological  endeavours  and  not  others  (e.g.,  debate 
the  merits  of funding  the  development  of  drugs  to  combat  AIDS  rather  than  research  on  alcoholism) 

117-  5     provide  examples  of  how  science  and  technology  are  an  integral  part  of  their  fives  and  their  community 

(e.g.,  provide  examples  like  the  banning  of  lead  gasoline  because  of  its  impact  on  the  environment, 
which  resulted  in  consumers  using  unleaded  gasoline) 

118-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  analyse  the  risks  and  benefits  of 
using  insecticides  such  as  DDT) 

118-4    evaluate  the  design  of  a  technology  and  the  way  it  functions,  on  the  basis  of  a  variety  of  criteria  that 
they  have  identified  themselves  (e.g.,  evaluate  the  environmental  impact  of  various  refrigerants) 


Organic  chemistry 


SKILLS 

It  is  expected  that  students  will.. 


Initiating  and  planning 

212-2     define  and  defimit  problems  to  facifitate  investigation  (e.g.,  define  and  delimit  problems  such  as 

"Which  alkane  is  the  most  efficient  source  of  energy?"  or  limit  a  study  of  the  yield  of  an  organic 
reaction  to  only  the  effect  of  temperature) 

212-  3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  experiment  to  test 

the  resistance  of  a  variety  of plastics  to  heat  or  forces) 

Performing  and  recording 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  research  the  uses  of  the  most  commonly  synthesized  organic  compounds) 

213-  8    select  and  use  apparatus  and  materials  safely  (e.g.,  select  and  use  apparatus  safely  in  the  distillation 

of  alcohol  or  the  synthesis  of  nylon) 

Analysing  and  interpreting 

214-  2     identify  limitations  of  a  given  classification  system  and  identify  alternative  ways  of  classifying  to  accommodate 

anomafies  (e.g.,  identify  examples  such  as  the  persistence  of  non-IiPAC  names  such  as  "acetone, " 
and  "acetic  acid') 

214-9     identif)'  and  apply  criteria,  including  the  presence  of  bias,  for  evaluating  evidence  and  sources  of  information 
(e.g.,  evaluate,  with  regard  to  their  environmental  claims,  advertisemejits  for  ethanol-blended gasolines) 

214-  11   provide  a  statement  that  addresses  the  problem  or  answers  the  question  investigated  in  light  of  the  link 

between  data  and  the  conclusion  (e.g.,  suggest  whether  or  not  the  use  of freon  and  leaded  gasoline 
should  be  encouraged  in  developing  countries) 

Communication  and  teamwork 

215-  1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond  to  the 

ideas  of  others  (e.g.,  discuss,  as  a  team,  the  procedures  used  in  the  synthesis  of  ASA  in  the  laboratory^) 

215-3     synthesize  information  from  multiple  sources  or  from  complex  and  lengthy  texts  and  make  inferences 
based  on  this  information  (e.g.,  synthesize  information  from  multiple  sources  on  the  use  of  DDT) 

215-5    develop,  present,  and  defend  a  position  or  course  of  action,  based  on  findings  (e.g.,  debate  the  question 
"Is  petroleum  more  useful  to  society  as  a  source  of  energy  or  as  a  source  of  synthetic  materials?") 


Organic  chemistry 


KNOWLEDGE 

It  is  expected  that  students  will...\ 


319-4    explain  the  large  number  and  diversity  of  organic  compounds  with  reference  to  the  unique  nature 
of  the  carbon  atom 

319-5    write  the  formula  and  provide  the  lUPAC  name  for  a  variety  of  organic  compounds 

319-6     define  isomers  and  illustrate  the  structural  formulas  for  a  variety  of  organic  isomers 

319-7     classify  various  organic  compounds  by  determining  to  which  famiUes  they  belong,  based  on  their 
names  or  structures 

319-8    write  and  balance  chemical  equations  to  predict  the  reactions  of  selected  organic  compounds 
319-9     describe  processes  of  polymerization  and  identify  some  important  natural  and  synthetic  polymers 


Specific  learning  outconnes 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 
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Organic  chemistry  is  an  important  component  of  the  study  of  biochemistry,  bioengineering,  medicine,  and  synthetic 
chemistry.  Students  should  be  aware  of  the  process  of  converting  carbon-bearing  resources  into  basic  organic  molecules 
that  are  then  turned  into  a  wide  variety  of  plastics,  fuels,  and  pharmaceuticals.  This  illustrative  example  emphasizes  the 
social  and  environmental  contexts  of  science  and  technology. 

Exploration 

-  Students  identify'  different  synthetic  organic  compounds  in  their  classroom,  in  their  homes,  and  in  the  environment. 
As  well,  students  identify  how  many  of  the  organic  compounds  are  harmful  or  helpful  to  living  things. 

The  above  exploration  may  lead  to  the  following  question: 

What  are  the  risks  and  benefits  to  society  and  the  environment  of  developing  new  synthetic  products? 
Development 

-  Students  study  the  unique  properties  of  carbon  with  a  focus  on  the  bonds  that  form  between  carbon  atoms.  Bond 
characteristics  that  may  be  considered  include  strength;  single,  double  or  triple  bonds;  and  structure  —  long, 
straight,  or  branched  chains  or  ring. 

-  Students  build,  draw,  and  name  models  of  a  variety  of  organic  compounds. 

Application 

-  Students  carry  out  a  risk-benefit  analysis  of  activities  that  produce  dioxins  as  by-products.  These  activities  could 
be  the  burning  of  household  waste  in  the  backyard,  the  incineration  of  toxic  wastes,  or  various  industrial  processes. 

-  Students  can  choose  a  synthetic  material  and  carry  out  a  practical  investigation  of  some  properties  like  physical 
strength,  effect  of  solvents,  and  combustibihty.  In  conjunction  with  the  investigation,  students  obtain  and  present 
information  related  to  the  properties,  cost,  uses,  possible  hazards,  means  of  production,  and  social  and 
economic  implications  of  the  chosen  material. 

-  Students  can  synthesize  an  organic  compound  such  as  aspirin,  nylon,  or  an  ester. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  117-5,  118-2,  118-4 

-  Skills:  212-2,  213-8 

-  Knowledge:  319-4,  319-5,  319-7,  319-8 

-  Attitudes:  439,  443,  447 


Specific  learning  outcomes 
CHEMISTRY 


Nature  of  science  and  technology 

1 14-2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 
(e.g.,  explain  how  the  realization  that  some  acidic  substances  contained  no  hy^drogen  in  their 
formula  led  to  a  reinsion  of  theArrhenius  theoretical  definition  of  acids) 

114-  9     explain  the  importance  of  communicating  the  results  of  a  scientific  or  technological  endeavour,  using 

appropriate  language  and  conventions  (e.g.,  explain  the  importance  of  using  appropriate  terminology 
when  discussing  issues  like  acid  rain  or  when  cleaning  up  a  toxic  spill) 

115-  7    explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are 

tested  and  subsequently  restricted,  revised,  or  replaced  (e.g.,  trace  the  development  of  the  acid-base 
theories  up  to  and  including  the  Br0nsted-Lowr}'  defmition) 

Relationships  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result 

of  the  invention  of  a  technology  (e.g.,  describe  examples  such  as  how  the  use  of  various  indicators 
to  determine  pH  enhanced  the  comprehension  of  acids  and  bases) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  analyse  society's  demand 

for  products  of  a  certain  pH,  such  as  shampoos  and  antacids) 

117-  7     identify  and  describe  science-  and  technology-based  careers  related  to  the  science  they  are  studying 

(e.g.,  describe  careers  in  the  areas  of  pharmacology  and  chemical  engineering) 

118-  6     construct  arguments  to  support  a  decision  or  judgement,  using  examples  and  evidence  and  recognizing 

various  perspectives  (e.g.,  suggest  acceptable  procedures  that  could  be  used  to  study  an  environmental 
issue  such  as  a  toxic  spill  or  acid  rain) 


Acids  and  bases 


SKILLS 


Initiating  and  planning 

212-4    state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information 
(e.g.,  predict  the  relative  acidity  of  different  citrus  fruits) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  select  an  appropriate  acid-base  indicator  to  perform 
a  titration) 

Performing  and  recording 

213-  3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g,  manipulate  burettes  and  other  instru- 

ments used  for  titrations) 

213-8    select  and  use  apparatus  and  materials  safely  (e.g.,  safely  handle  and  dispose  of  acids  and  bases) 

2 1 3-  9     demonstrate  a  knowledge  of  WHMIS  standards  by  selecting  and  applying  proper  techniques  for  handling  and 

disposing  of  lab  materials  (e.g.,  use  appropriate  techniques  for  handling  and  disposing  of  acids  and  bases) 

Analysing  and  interpreting 

214-  1     describe  and  apply  classification  systems  and  nomenclature  used  in  the  sciences  (e.g,  name  acids 

and  bases  using  accepted  nomenclature) 

214-4    identify  a  line  of  best  fit  on  a  scatter  plot  and  interpolate  or  extrapolate  based  on  the  fine  of  best  fit 

(e.g ,  predict  the  concentration  of  an  acid from  a  graph  that  links  concentration  of  an  acid  to  that 
of  a  neutralizing  antacid) 

214-5     interpret  patterns  and  trends  in  data,  and  infer  or  calculate  hnear  and  nonlinear  relationships  among 
variables  (e.g.,  use  titration  curves  to  determine  an  end  point) 

214-  17    identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identif)^  environmental 

problems  that  may  be  created  when  attempting  to  neutralize  an  acid  spill) 

Communication  and  teamwork 

215-  2     select  and  use  appropriate  numeric,  symbohc,  graphical,  and  linguistic  modes  of  representation 

to  communicate  ideas,  plans,  and  results  (e.g.,  present  a  detailed  experimental  report  according 
to  specific  standards) 

215-6    work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems 
as  they  arise  (e.g.,  work  cooperatively  while  performing  titrations) 


Acids  and  bases 


KNOWLEDGE 

It  is  expected  that  students  will...] 


320- 1  describe  various  acid-base  definitions  up  to  the  Br0nsted-Lowry  definition 

320-2  predict  products  of  acid-base  reactions 

320-3  compare  strong  and  weak  acids  and  bases  using  the  concept  of  equihbrium 

320-4  calculate  the  pH  of  an  acid  or  a  base  given  its  concentration,  and  vice  versa 

320-5  describe  the  interactions  between  H"^  ions  and  OH'  ions  using  Le  Chatelier's  principle 

320-6  determine  the  concentration  of  an  acid  or  base  solution  using  stoichiometry 

320-7  explain  how  acid-base  indicators  function 


Specific  learning  outconnes 


11  -  12 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 


Students  regularly  use  solutions  that  include  acids  and  bases.  It  is  important  that  students  be  able  to  demonstrate 
their  understanding  of  acids  and  bases  by  appropriately  selecting  the  proper  acid  and  base  to  use  for  a  given  task. 
As  well,  students  should  be  aware  of  the  potentiiil  effects  these  chemicals  could  have  on  the  en\ironment.  Students' 
knowledge  and  interests  are  enhanced  when  they  understand  the  relationship  between  acid-base  theories  and  certain 
acid-base  reactions  that  take  place  around  them.  This  illustrative  example  emphasizes  the  nature  of  science  and 
technology. 

Exploration 

-  Students  identily  common  products  where  acids  and  bases  are  involved,  such  as  shampoos,  foods,  and 
household  cleaners.  They  should  be  encouraged  to  speculate  as  to  how  acids  and  bases  react  in  the  situations 
they  identify. 

The  above  exploration  may  lead  to  the  following  question: 
Why  are  specific  acids  and  bases  used  in  particular  instances? 

Development 

-  By  studying  the  historical  development  of  acid-base  theory,  students  will  be  able  to  show  how  theories  evolve 
in  light  of  new  experimental  evidence. 

-  Students  will  formulate  an  operational  definition  of  acids  and  bases  based  on  laboratory  observations. 

-  In  a  laboratory  setting,  students  will  determine  the  concentration  of  an  acid  or  a  biLse,  tlie  citric  acid  concentration 
of  a  citrus  fruit,  or  the  acetylsalicyhc  acid  (ASA)  content  of  a  headache  tablet. 

Application 

-  Students  should  be  presented  with  the  opportunity  to  address  an  environmental  issue  pertaining  to  acids  and  bases. 
Working  as  a  team,  they  would  be  expected  to  present  factual  arguments  representing  various  perspectives. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-2,  115-7, 

-  SkiUs:  213-8,  214-4,215-2 

-  Knowledge:  320-1,  320-7 

-  Attitudes:  447,  449 
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Specific  learning  outcomes 


CHEMISTRY 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

1 14-  2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 

(e.g.,  explain  superconductivity  using  bonding  theory) 

1 1 5-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories 

are  tested  and  subsequendy  restricted,  revised,  or  replaced  (e.g.,  expUiin  how  our  understanding  of 
chemical  bonds  has  improved  as  a  result  of  using  more  advanced  technologies  that  help  us  know 
more  about  atoms) 

Relationships  between  science  and  technology 

116-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  use  examples  such  as  sports  equipmetit,  some  of  which  is  made  from  alloys  and  neiv  materials 
like  composites,  and  filling  teeth  with  composite  resins  instead  of  alloys) 

Social  and  environmental  contexts  of  science  and  technology 

117-  11   analyse  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  analyse  examples  such  as 

Raymond Lemieux's  work  on  molecular  recognition  in  oligosaccharides) 

118-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  analyse  a  particular  technolog)'  such  as 
changing  the  bonds  formed  by  using  ozone  rather  than  chlorine  to  disinfect  water,  thus  preventing 
toxic  chlorinated  hydrocarbons  from  forming  in  treated  ivater  supplies) 


1 


From  structures  to  properties 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-  5     identify  the  theoretical  basis  of  an  investigation  and  develop  a  prediction  and  a  hypothesis  that  are  consistent 

with  the  theoretical  ba.sis  (e.g.,  use  bond  theory  to  predict  properties  of  compounds) 

Performing  and  recording 

213-  6     use  hbrary  and  electronic  research  tools  to  collect  information  on  a  given  topic 

(e.g.,  collect  information  on  the  chemical  and  physical  properties  of  compounds) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  investigate  the  use  of  chemical  and  physical  properties  of  compounds  in  various 
contexts) 

Analysing  and  interpreting 

214-  1     describe  and  apply  classification  systems  and  nomenclatures  used  in  the  sciences  (e.g.,  apply  lUPAC 

nomenclature  for  ionic  compounds) 

214-2     identify  limitations  of  a  given  classification  system  and  identify  alternative  ways  of  classifying  to  accommodate 
anomalies  (e.g.,  identify  the  limitations  of  using  electronegativity  values  to  determine  the  polar 
nature  of  a  specific  covalent  bond) 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 

diagrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g,  display  visually  models  that  explain 
intermolecular  and  intramolecular  forces) 

Communication  and  teamwork 

215-  2     select  and  use  appropriate  numeric,  symbohc,  graphical,  and  hnguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g,  represent  ionic  and  molecular  compounds  by  their  accepted 
formulas  and  names) 


From  structures  to  propertie 


KNOWLEDGE 

It  is  expected  that  students  will., 


321-4  illustrate  and  explain  the  formation  of  ionic,  covalent,  and  metallic  bonds 

321-5  illustrate  and  explain  hydrogen  bonds  and  van  der  Waals'  forces 

321-6  write  and  name  the  formulas  of  ionic  and  molecular  compounds,  following  simple  lUPAC  rules 

321-7  identify  and  describe  the  properties  of  ionic  and  molecular  compounds  and  metallic  substances 

321-8  describe  how  intermolecular  forces  account  for  the  properties  of  ionic  and  molecular  compounds 
and  metallic  substances 

321-9  classify  ionic,  molecular,  and  metallic  substances  according  to  their  properties 

321-10  relate  the  properties  of  a  substance  to  its  structural  model 

321-11  explain  the  structural  model  of  a  substance  in  terms  of  the  various  bonds  that  define  it 


Specific  learning  outconnes 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 


225 


Modem  chemistry  is  directly  involved  in  the  development  of  new  materials.  Depending  on  their  intended  applications, 
materials  can  now  be  synthesized  according  to  very  specific  properties  such  as  weight,  resistance  to  heat,  flexibility, 
malleability,  and  electrical  conductivity.  In  order  to  synthesize  a  new  material,  it  is  often  necessary  to  have  an 
understanding  of  the  electron  arrangement,  and  thus  the  type  of  bonding,  in  the  material.  For  students,  a  knowledge 
of  the  nature  of  bonding  is  important  because  these  bonds  are  ultimately  responsible  for  a  substance's  physical  and 
chemical  properties.  This  illustrative  example  emphasizes  the  nature  of  science  and  technology. 

Exploration 

-  Students  identify  changes  in  the  composition  of  materials  and  the  structure  of  common  objects.  The  evolution 
of  the  bicycle  and  the  automobile  are  good  examples  to  show  how  characteristics  of  materials,  Hke  being 
Ughtweight  and  rust-resistant,  have  improved  the  efficiency  of  these  vehicles. 

The  above  exploration  may  lead  to  the  following  question: 

How  does  the  nature  of  the  bonds  determine  a  material's  properties? 

Development 

-  Students  predict  and  explain  the  different  types  of  intramolecular  forces  and  intermolecular  forces  for  a  given 
compound.  They  should  use  accepted  models  to  illustrate  these  forces.  The  studied  compounds  should  be  named 
and  represented  according  to  established  conventions. 

-  Important  work  by  scientists  relating  molecular  structure  to  its  properties  can  be  emphasized  in  this  area  of  study 

Application 

-  Students  can  research  some  modem  materials  such  as  composites,  resins,  alloys,  and  ceramics  and  relate  the 
properties  of  these  materials  to  the  bonds. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  115-7,  II6-4,  117-11 

-  Skills:  213-6,  214-1,214-3 

-  Knowledge:  321-6,  321-10 

-  Attitudes:  443,  439 
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Specific  learning  outcomes 


CHEMISTRY 
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STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 


115-1 


115  5 


distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 
such  as  ''What  is  the  process  of  corrosion?"  and  technological  problems  such  as  "How  can  we 
prevent  corrosion.^") 

analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  analyse 
the  development  over  time  of  electrochemical  cells  from  large  bulky  deinces  to  tiny  cells) 


Relationships  between  science  and  technology 


116-6 


116-7 


describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 
principles  (e.g.,  describe  the  evolution  of  electrochemical  cells  using  the  redox  theor}[) 

analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  examples  of  systems  such  as  hydrogen  fuel  cells,  car  batteries,  and  nickel-cadmium  cells) 


Social  and  environmental  contexts  of  science  and  technology 

118-4     evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  a  variety  of  criteria  that 
they  have  identified  themselves  (e.g.,  evaluate  the  design  and  functioning  of  corrosion  prevention 
technologies  as  the)'  apply  to  the  maintenance  of  bridges,  ships,  and  other  steel  structures) 


Electrochemistry 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-1     identify  questions  to  investigate  that  arise  from  practical  problems  and  issues  (e.g.,  identif  y  questions 
such  as  "How  can  corrosion  of  a  pipeline  be  prevented?') 

212-2     define  and  delimit  problems  to  facilitate  investigation  (e.g.,  refer  to  a  simple  "research  cell  '  before 
trying  to  explain  a  "grapefruit  cell') 

212-  7     formulate  operational  definitions  of  major  variables  (e.g.,  provide  an  operational  definition  for  anode 

and  cathode) 

Performing  and  recording 

213-  2     carry  out  procedures  controlling  the  major  variables  and  adapting  or  extending  procedures  where 

required  (e.g.,  test  the  predicted  voltage  of  an  electrochemical  cell) 

213-  8    select  and  use  apparatus  and  materials  safely  (e.g.,  put  waste  from  a  lead-containing  electrochemical 

cell  into  a  disposal  container) 

Analysing  and  interpreting 

214-  7     compare  theoretical  and  empirical  values  and  account  for  discrepancies  (e.g.,  compare  the  theoretical 

and  empirical  voltage  of  a  cell) 

214-8     evaluate  the  relevance,  reliability,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  evaluate  the 
reliability  of  a  cell's  voltage  as  measured  in  a  high  school  laboratory) 

214-14  construct  and  test  a  prototype  of  a  device  or  sv^stem  and  troubleshoot  problems  iis  they  arise  (e.g.,  construct 
an  electrochemical  cell  to  assist  in  explaining  the  cell's  function) 

214-16  evaluate  a  personally  designed  and  constructed  device  on  the  basis  of  criteria  they  have  developed  themselves 
(e.g.,  assess  an  electrochemical  cell  using  criteria  like  voltage  produced  and  reliability) 

214-  18  identify  and  evaluate  potential  applications  of  findings  (e.g.,  identify  and  evaluate  alternative 

applications  for  existing  cells,  such  as  using  car  batteries  for  wheelchairs) 

Communication  and  teamwork 

215-  7     eviiluate  individuid  and  group  processes  used  in  planning,  problem  solving  and  decision  making,  and 

completing  a  task  (e.g.,  review,  as  a  group,  individual  contributions  to  a  team  whose  task  it  was 
to  build  an  electrochemical  device) 


Electrochemistry 


KNOWLEDGE 

It  is  expected  that  students  will...] 


322- 1  define  oxidation  and  reduction  experimentally  and  theoretically 

322-2  write  and  balance  half  reactions  and  net  reactions 

322-3  compare  oxidation-reduction  reactions  with  other  kinds  of  reactions 

322-4  illustrate  and  label  the  parts  of  electrochemical  and  electrolytic  cells  and  explain  how  they  work 

322-5  predict  whether  oxidation-reduction  reactions  are  spontaneous  based  on  their  reduction  potentials 

322-6  predict  the  voltage  of  various  electrochemical  cells 

322-7  compare  electrochemical  and  electrolytic  cells  in  terms  of  energy  efficiency,  electron  flow/transfer, 
and  chemical  change 

322-8  explain  the  processes  of  electrolysis  and  electroplating 

322-9  explain  how  electrical  energy  is  produced  in  a  hydrogen  fuel  cell 


Specific  learning  outconnes 


11  -  12 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 
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Students  often  use  electrochemical  applications  in  their  everyday  lives.  By  studying  the  design  and  function  of  various 
electrochemical  technologies,  students  will  better  comprehend  the  relationship  between  science  and  technology 
with  regard  to  the  progress,  evolution,  and  many  uses  of  electrochemical  cell  technology'.  Other  electrochemical 
processes  and  applications  such  as  corrosion,  corrosion  protection,  and  electrolysis  can  also  be  studied  within  this 
context.  This  illustrative  example  emphasizes  the  relationships  between  science  and  technology. 

Exploration 

-  Students  discuss  the  different  uses  of  batteries  they  have  observed  in  their  daily  fife.  Examples  could  include  the 
use  of  batteries  and  electrochemical  cells  in  cars,  pacemakers,  hearing  aids,  and  electronic  equipment.  As  well, 
differences  in  these  batteries  and  cells,  like  rechargeable  and  alkaUne  cells,  would  be  mentioned. 

The  above  exploration  may  lead  to  the  following  question: 

How  can  we  increase  the  efficiency  of  electrochemical  cells  for  use  in  our  everyday  lives? 
Development 

-  Students  manipulate  and  ''dissect"  several  types  of  batteries  and  electrochemical  cells.  This  would  allow 
students  to  compare  the  internal  structures  and  it  would  facilitate  their  ability  to  explain  how  each  battery  or 
electrochemical  cell  works  in  terms  of  electrochemical  principles. 

-  Students  design  and  build  an  electrochemical  cell  with  a  predicted  voltage. 

-  Students  are  then  encouraged  to  test  the  electrochemical  ceil  for  the  predicted  voltage  and  suggest  possible 
ways  to  increase  the  cell's  eff'iciency 

Application 

-  Students  work  in  teams  to  report  on  the  use  of  electrochemicid  cells  in  a  variety  of  contexts.  The  teams  would 
be  expected  to  evaluate  the  appropriateness  of  these  applications. 

-  Students  work  collaboratively  to  design  and  build  an  electrochemical  cell  to  power  a  small,  motor-driven  device 
or  a  flashhght,  and  identify  ways  to  maximize  its  efficiency 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  116-6,  116-7 

-  Skills:213-2,  213-8,  215-7 

-  Knowledge:  322-4,  322-6 

-  Attitudes:  440,  445 
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Specific  learning  outcomes 
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CHEMISTRY 


STS  E 

It  is  expected  that  students  will. 


Nature  of  science  and  technology 

114-2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 
(e.g.,  explain  how  bonding  theory'  can  help  one  understand  certain  colligative properties) 

1 1 4-4    identify  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 
(e.g.,  identify  industrial  constraints  where  an  increased  yield  is  technologically  feasible  but  not 
cost-effective) 

1 14-  7     compare  processes  used  in  science  with  those  used  in  technology  (e.g.,  compare  stoichiometry  used 

in  both  science  and  technology) 

1 1 5-  3     explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 

(e.g.,  explain  how  Avogadro  's  hypothesis  revolutionized  thinking  in  chemistry) 

Relationships  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  resuh  of 

the  invention  of  a  technology  (e.g.,  identify  examples  such  as  the  invention  of  analytical  tools  and 
techniques  like  mass  spectroscopy  and  flame  ionization,  which  have  enhanced  our  understanding 
of  the  impurities  found  in  our  water  systems) 

116-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(eg,  proinde  examples  such  as  a  sensitive  conductiinty  meter,  which  is  used  to  determine 
concentration  of  ionic  impurities  in  water  and  is  based  on  ionic  theory) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  analyse  the  public  outcry 

that  led  to  a  ban  on  phosphates  in  detergents) 

117-7     identify  and  describe  science-  and  technology-based  careers  related  to  the  science  they  are  studying 
(e.g.,  identify  careers  in  areas  such  as  water  treatment  and  analytical  chemistry) 


13 


^2 


Initiating  and  planning 

212-3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  experiment  to  test  the 
stoichiometric  method,  using  a  given  reaction) 

212-4    state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information 
(e.g.,  predict  the  mass  of  product  formed,  using  stoichiometry) 

2 1 2-  9    develop  appropriate  sampling  procedures  (e.g,  develop  sampling  procedures  to  test  for  dissolved  oxygen 

in  water) 

Performing  and  recording 

213-  1     implement  appropriate  sampling  procedures  (e.g,  test  community  water  supplies  for  dissolmd  solid  lei^ls) 

213-3     use  instruments  effectively  and  accuratefy  for  collecting  data  (e.g,  use  a  balance  to  measure  mass  of 
precipitate  formed  in  a  chem  ical  reaction) 

213-4    estimate  quantities  (e.g.,  estimate  excess  volume  needed for  a  stoichiometry  experiment) 

213-  5    compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facihtate  interpretation 

of  the  data  (e.g.,  compile  and  organize  data  from  an  analysis  of  community  tvater  supplies  to  assist 
in  determining  dissolved  solid  levels) 

Analysing  and  interpreting 

214-  10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form  that 

acknowledges  the  degree  of  uncertainty'  (e.g,  compare  the  solubility  of  sodium  chloride  obtained  in 
the  lab  with  the  accepted  value,  in  order  to  account  for  any  discrepancies) 

214-1 2  explain  how  data  support  or  refute  the  hypothesis  or  prediction  (e.g,  explain  the  differences  between 
the  predicted  yield  and  the  actual  yield  in  an  industrial  process) 

214-  13  identify  and  correct  practical  problems  in  the  way  a  technological  device  or  system  functions  (e.g,  identify^ 

problems  such  as  the  determination  of  correct  masses  in  stoichiometric  experimentations) 

Communication  and  teamwork 

215-  1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond 

to  the  ideas  of  others  (e.g,  present  an  oral  report  detailing  a  stoichiometric  experiment  done  at  scfx)ol) 


Solutions  and  stoichiometry 


KNOWLEDGE 

It  is  expected  that  students  will...  ■ 


323- 1  define  molar  mass  and  perform  moie-mass  inter-conversions  for  pure  substances 

323-2  describe  the  process  of  dissolving,  using  concepts  of  intramolecular  and  intermolecular  forces 

323-3  define  the  concept  of  equihbrium  as  it  pertains  to  solutions 

323^  explain  solubihty,  using  the  concept  of  equihbrium 

323-5  explain  how  different  factors  affect  solubihty,  using  the  concept  of  equihbrium 

323-6  determine  the  molar  solubihty  of  a  pure  substance  in  water 

323-7  explain  the  variations  in  the  solubihty  of  various  pure  substances,  given  the  same  solvant 

323-8  use  the  solubihty  generahzations  to  predict  the  formation  of  precipitates 

323-9  explain  the  effect  of  solutes  on  the  melting  point  of  sohd  water,  using  intermolecular  forces 

323- 1 0  identify  mole  ratios  of  reactants  and  products  from  balanced  chemical  equations 

323- 1 1  perform  stoichiometric  calculations  related  to  chemical  equations 

323- 1 2  identify  various  stoichiometric  apphcations 

323- 1 3  predict  how  the  yield  of  a  particular  chemical  process  can  be  maximized 


Specific  learning  outconnes 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 


11  -  12 
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It  is  important  for  students  to  understand  that  most  chemical  reactions  involve  chemicals  dissolved  in  a  medium, 
such  as  water  I^eaming  opportunities  involving  the  nature  of  solutes,  solvents,  the  mole  concept,  balancing  equations, 
and  stoichiometry  enable  students  to  better  understand  the  nature  of  chemical  reactions.  This  iUustrative  example 
emphasizes  the  nature  of  science  and  technology; 

Exploration 

-  Students  compare  properties  of  different  kinds  of  solutions  using  various  technologies,  and  estabhsh  classes 
of  solutions  such  as  electrolyte/nonelectrolyte  or  acid/base). 

-  The  importance  of  controlling  concentration  can  be  illustrated  by  reminding  students  that  a  very  low  fluoride  ion 
concentration  is  beneficial  since  it  inhibits  dental  decay,  but  a  concentrated  fluoride  solution  is  very  toxic. 

The  above  exploration  may  lead  to  the  following  question: 

Why  is  the  ability  to  predict  the  type  and  quantity  of  products  in  a  reaction  important  for  a  scientific  investigation 
or  a  chemical-industrial  process? 

Development 

-  Students  perform  calculations  dealing  with  molar  concentration  of  a  solution,  leading  to  the  preparation  of  an 
ionic  solution  of  known  concentration.  The  use  of  appropriate  equipment  to  prepare  such  a  solution  hke  a  balance, 
volumetric  flask,  fimnel,  and  beaker  should  be  emphasized. 

-  Students  predict,  using  the  method  of  stoichiometrN,  tlie  quantity  of  reagent  used  or  produced  in  a  chemical  system, 
given  a  specific  quantity  of  another  reagent  used  or  produced  in  that  reaction. 

-  Students  perform  quantitative  investigations  to  test  the  predictive  ability  of  the  stoichiometric  method  and 
quantitative  analyses  to  determine  an  unknown  quantity  in  a  chemiciil  system,  such  as  the  unknown 
concentration  of  a  solution  or  the  unknown  mass  of  solute. 


Application 

-  Students  discuss  with  an  industrial  chemist  the  useftibess  of  the  stoichiometric  method  in  science  and  technology 
with  a  focus  on  the  industrial  applications. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-4,  114-7 

-  Skills:213-3,  214-12,  215-1 

-  Knowledge:  323-10,323-11 

-  Attitudes:  439,  444,  445 


Specific  learning  outcomes 
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i 


STSE 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

114-5    describe  the  importance  of  peer  review  in  the  development  of  scientific  knowledge  (e.g.,  use  examples 
such  as  the  initial  experiments  in  cold  fusion  conducted  by  Fleischman  and  Pons,  which  seemed 
to  indicate  a  significant  energy  output,  and  the  subsequent  failure  to  achieve  the  same  results  in 
repetitions  of  the  experiments,  which  led  to  the  discrediting  of  the  notion  of  cold  fusion) 

Relationships  between  science  and  technology 

116-  4     analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  describe  examples  such  as  the  development  of  racing  fuels,  lighters,  propane  stoves,  and  the 
Dewar  flask) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  6    analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 

(e.g.,  analyse  examples  showing  how  many  technologists,  scientists,  and  agencies  share  their  work 
on  the  determination  of  the  heat  content  of foods,  fuels,  and  explosives) 

1 1 7-  9     analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify'  areas  of  further  study  related 

to  science  and  technology  (e.g.,  explain  that  the  knowledge  and  skills  related  to  calorimetry  are 
essential  to  the  training  of  a  specialist  in  chemical  engineering) 

1 1 8-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  analyse  the  risks  and  benefits  of 
burning  coal  or  other  combustible  materials  to  generate  electricity) 

1 1 8-8    distinguish  between  questions  that  can  be  answered  by  science  and  those  that  cannot,  and  between  problems 
that  can  be  solved  by  technology  and  those  that  cannot  (e.g.,  state  that  science  can  predict  the  energy 
value  of  fossil  fuels  and  that  techfiology  can  develop  methods  to  harness  that  energy,  but  that 
neither  science  nor  techn  ology  can  tell  us  the  best  use  for  valuable  resou  rces) 

118-10  propose  courses  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  an  array 
of  perspectives,  including  that  of  sustainability  (e.g.,  compare  emissions  of greenhouse  gases  from  a  vari- 
ety of  sources  and  propose  courses  of  action  for  their  reduction) 


^12 


Thermochemistry 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-3     design  an  experiment  identifying  and  controUing  major  variables  (e.g.,  design  an  experiment  to 
determine  calorimetrically  an  enthalpy  change) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  use  a  calorimeter  in  heat  transfer  experiments) 

Performing  and  recording 

213-  6    use  library  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  obtain  information 

in  a  variety  of  ways  on  how  much  heat  can  legally  be  released  into  a  lake  or  a  river) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  obtain  information  of  an  economic  nature  on  the  best  way  to  generate  electricity 
in  your  region) 

Analysing  and  interpreting 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 

diagrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  use  a  decision-making  matrix  to 
determine  the  best  fuel  to  use  for  heating  buildings  in  Canada) 

214-6     apply  and  assess  alternative  theoretical  models  for  interpreting  knowledge  in  a  given  field 

(e.g.,  predict  an  enthalpy  change  and  compare  the  experimental  result  with  the  predicted  results  in 
order  to  evaluate  Mess's  Law,  the  bond  energy  method,  and  calorimetry) 

214-  15  propose  alternative  solutions  to  a  given  practical  problem,  identify-  the  potential  strengths  and  weaknesses 

of  each,  and  select  one  as  the  basis  for  a  plan  (e.g.,  identify  strengths  and  weakness  of  the  different 
ways  to  generate  electricity) 

Communication  and  teamwork 

215-  4     identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g.,  decide  on  the 

best  way  to  dispose  of  pollutants  from  an  electrical  generating  plant,  using  economic,  scientific, 
technological,  ecological,  and  ethical  perspectives) 

215-6     work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems  as  they 
arise  (eg,  carr}'  out  ex/)eriments  to  measure  the  Ijeat  used  or  pnxluced  in  a  variet)^  of  chemical  reactions) 


Thermochemistry 


KNOWLEDGE 

It  is  expected  that  students  will.. 


324- 1     write  and  balance  chemical  equations  for  combustion  reactions  of  alkanes 

324-2     define  endothermic  reaction,  exothermic  reaction,  specific  heat,  enthalpy,  bond  energy,  heat  of  reaction, 
and  molar  enthalpy 

324-3     calculate  and  compare  the  energy  involved  in  changes  of  state  and  that  in  chemical  reactions 

324-4     calculate  the  changes  in  energy  of  various  chemical  reactions  using  bond  energy,  heats  of  formation, 
and  Hess's  law 

324-5     illustrate  changes  in  energy  of  various  chemical  reactions,  using  potential  energy  diagrams 

324-6     determine  experimentally  the  changes  in  energy  of  various  chemical  reactions 

324-7     compare  the  molar  enthalpies  of  several  combustion  reactions  involving  organic  compounds 


Specific  learning  outconnes 


CHEMISTRY 


ILLUSTRATIVE  EXAMPLE 


\231 


In  Canada,  many  electrical  power  plants  depend  on  the  combustion  of  fuels  such  as  coal,  diesel,  woodchips,  and 
natural  gas.  As  the  production  of  energy  and  subsequent  use  of  that  energy  costs  monev;  there  is  a  need  to  ensure  an 
efficient  process  for  producing  and  using  energy.  Students  should  be  provided  with  opportunities  to  study 
the  concept  and  issues  of  having  heat  to  generate  electricity.  This  illustrative  example  emphasizes  the  social  and 
environmental  contexts  of  science  and  technology  and  the  unifying  concept  of  energy. 

Exploration 

-  Students  compare  different  ways  of  producing  electricity  in  Canada.  Methods  such  as  nuclear  energv;  hydroelectricity, 
wind  energy,  and  other  sources  of  energy  will  probably  be  mentioned,  but  the  focus  should  be  on  the  methods 
that  use  combustion  reactions. 

The  above  exploration  could  lead  to  the  following  question: 
Which  fuel  is  best  to  use  in  electric  power  plants? 

Development 

-  Students  should  predict  the  amount  of  heat  generated  in  a  variety  of  combustion  reactions  using  bond  energies, 
heats  of  formation,  and  Hess's  law.  Their  calculations  leading  to  the  predictions  can  be  communicated  graphically 
using  potential  energy  diagrams. 

-  Students  carry  out  experiments  using  basic  calorimetry  to  measure  the  heat  used  or  produced  in  a  variety  of 
chemical  reactions.  They  then  compare  their  experimental  results  with  their  predictions. 

Application 

-  Students  visit  a  power  plant  to  appreciate  the  scope  and  complexity  of  the  technology  involved.  They  could  then 
associate  their  understanding  to  direct  technological  applications  and  potential  careers. 

-  Students  prepare  a  report  recommending  the  use  of  a  particular  fuel  for  a  power  plant.  Their  recommendation 
should  take  into  account  a  comparison  of  the  emission  of  greenhouse  gases  and  other  polkmmls  from  the  reactions. 
The  report  should  also  contain  references  to  economic,  scientific,  technological,  ecological,  and  ethical  perspectives, 
as  well  as  the  issue  of  sustainabihty. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attiiin  the  following  learning  outcomes: 

-  STSE:  117-9,  118-10 

-  Skills:213-7,  214-3,  215-4 

-  Knowledge:  324-4,  324-6 

-  Attitudes:  441,  446 
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11-12 


Specific  learning  outcomes 


PHYSICS 


STS  E 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

115-3 


115-5 


explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 
(e.g.,  explain  how  the  contributions  of  Galileo,  Descartes,  and  Newton  increased  our  understanding 
of  force  and  motion) 

analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  analyse 
technobgies  used  to  reduce  sway  in  tall  buildings  due  to  high  winds) 


Relationships  between  science  and  technology 

1 1 6-2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 
invention  of  a  technology  (e.g.,  describe  examples  such  as  a  better  understanding  of  Earth's  upper 
atmosphere  from  the  use  of  instrument-carrying  rockets) 

1 1 6-4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 
(e.g.,  analyse  examples  such  as  rocket  launchers  and  seat  belts) 

1 1 6-6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 
principles  (e.g.,  ei^aluate  technologies  such  as  airbags  to  reduce  injur)',  and  rotating  space  stations 
to  create  artificial  gravity) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  braking  systems) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  analyse  the  social  pressure 

which  led  to  the  development  of  safety  deinces  and  procedures  for  transportation) 

118-  4     evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  a  variety  of  criteria  that 

they  have  identified  themselves  (e.g.,  evaluate  anti-lock  braking  sy^stems) 


Force,  motion,  and  work 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-  3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  experiment  to  measure 

the  acceleration  due  to  gravity) 

Performing  and  recording 

213-  2     carry  out  procedures  controlling  the  major  variables  and  adapting  or  extending  procedures  where  required 

(e.g.,  investigate  the  relationships  between  force,  mass,  and  acceleration,  and  the  relationships 
between  distance,  velocity  arui  time) 

213-3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  collect  data  accurately  using 
photogates  or  stopwatches) 

213-  5     compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facilitate  interpretation 

of  the  data  (e.g.,  organize  data  when  investigating  relationships  between  force,  distance,  and  work) 

Analysing  and  interpreting 

214-  4    identify  a  line  of  best  fit  on  a  scatter  plot  and  interpolate  or  extrapolate  based  on  the  line  of  best  fit 

(e.g.,  determine  the  line  of  best  fit  from  data  collected  in  displacement  lersus  time  experimentations) 

214-5     interpret  patterns  and  trends  in  data,  and  infer  or  calculate  linear  and  nonlinear  relationships  among 

variables  (e.g.,  interpret  and  calculate  relationships  between  displacement  and  time  from  data  and 
graphs) 

214-7    compare  theoretical  and  empirical  values  and  account  for  discrepancies  (e.g.,  compare  discrepancies 
between  experimental  and  theoretical  values  of  gravity) 

214-  10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form 

that  acknowledges  the  degree  of  uncertainty  (e.g.,  explain  sources  of  error  when  determining  the 
experimental  value  of  gravity) 

Communication  and  teamwork 

21 5-  2     select  and  use  appropriate  numeric,  symbofic,  graphical,  and  linguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g.,  use  frc^  body  and  lector  diagrams  to  communicate  results) 

21 5-6    work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems  as  they 
arise  (e.g.,  work  cooperatively  when  determining  the  power  output  of  a  group-constructed  machine) 


Force,  motion,  and  work 


KNOWLEDGE 

It  is  expected  that  students  will...i 


325-5  use  vectors  to  represent  force,  velocity,  and  acceleration 

325-6  analyse  quantitatively  the  horizontal  and  vertical  motion  of  a  projectile 

325-7  identify  the  frame  of  reference  for  a  given  motion 

325-8  apply  Newton's  laws  of  motion  to  explain  inertia,  the  relationship  between  force,  mass,  and  acceleration, 
and  the  interaction  of  forces  between  two  objects 

325-9  analyse  quantitatively  the  relationships  among  force,  distance,  and  work 

325-1 0  analyse  quantitatively  the  relationships  among  work,  time,  and  power 

325  - 1 1  analyse  quantitatively  two-dimensional  motion  in  a  horizontal  plane  and  a  vertical  plane 

325-1 2  describe  uniform  circular  motion,  using  algebraic  and  vector  analysis 

325  - 1 3  explain  quantitatively  circular  motion  using  Newton's  laws 


Specific  learning  outcomes 


11  -  12 


PHYSICS 


ILLUSTRATIVE  EXAMPLE 


\233 


An  understanding  of  forces  and  motion  affects  our  lives  whether  we  are  driving  a  car  or  riding  a  roller  coaster  at  an 
amusement  park.  Newton's  laws  of  motion  were  revolutionary  because  they  explained  the  behaviour  of  moving 
objects  and  systems  on  Earth  and  in  the  universe.  Students  should  be  provided  with  a  variety  of  situations  involving 
examples  of  Newton's  laws.  This  illustrative  example  emphasizes  the  relationships  between  science  and  technology, 
and  the  unifying  concept  of  change  and  constancy. 

Exploration 

-  Students  request  specifications  from  manufacturers  on  the  design  and  function  of  safety  devices  such  as  seat 
belts,  infant  car  seats,  and  airbags.  Using  these  specifications,  students  discuss  how  the  safety  devices  counteract 
the  effect  of  the  forces  developed  during  a  collision. 

The  above  exploration  may  lead  to  the  following  question: 

What  physics  principles  govern  the  design  of  safety  devices  like  airbags? 

Development 

-  Using  the  scenario  of  an  automobile  coUiding  with  a  wall,  identify  the  forces  that  would  act  on  the  car  and 
passengers,  including  different  speeds  at  the  time  of  the  accident,  the  mass  of  the  car,  and  the  use  or  non-use  of 
safety  devices. 

-  Students  identify  the  scientific  principles  and  assumptions  about  human  behaviour  that  underiie  the  design 
of  safety  devices. 

Application 

-  Students  consider  whether  it  is  a  good  idea  for  manufacturers  to  allow  airbags  to  be  disabled,  or  to  increase  the 
airbag  activation  speed  from  the  current  30  km/h  to  55  km/h  and  lower  the  acceleration  of  air  bag  deployment 
from  300m/sto  210m/s. 

-  Students  suggest  ways  to  increase  the  levels  of  compHance  for  the  use  of  safety  devices  such  as  seat  belts,  infant 
car  seats,  and  airbags. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  116-4,  116-7 

-  SkiUs:214-5,  214-10,  215-2 

-  Knowledge:  325-5,  325-8 

-  Attitudes:  445,  449 


-12 


2 


Specific  learning  outconnes 


PHYSICS 


Nature  of  science  and  technology 

1 14-4     identify  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 
(e.g.,  identify'  issues  such  as  design,  cost,  and  availability  of  injury  preimtion  devices  in  sports) 

114-  9    explain  the  importance  of  communicating  the  results  of  a  scientific  or  technological  endeavour,  using 

appropriate  language  and  conventions  (e.g.,  use  appropriate  language  related  to  energy  and  momentum 
when  describing  how  seat  belts  protect  the  driver  and  passengers  during  an  automobile  accident) 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  betiveen  scientific 

questions  such  as  'What  is  the  law  of  conservation  of  energ}'F"  and  technological  problems  such  as 
''How  can  we  apply  these  concepts  in  the  development  of  safety  devices  in  cars?*') 

115-  5     analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  analyse  how 

seat  belts  in  cars  have  improved  over  time) 

Relationships  between  science  and  technology 

1 1 6-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  describe  examples  such  as  bungee  cords  and  impact-absorbing  bumpers) 

1 1 6-  6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 

principles  (e.g.,  describe  technologies  such  as  climbing  ropes,  airbags,  and  helmets) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  6     analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 

(e.g.,  analyse  examples  showing  how  police  investigations  of  automobile  accidents  use  the  law  of 
conservation  of  momentum) 

118-  8     distinguish  between  questions  that  can  be  answered  by  science  and  those  that  cannot,  and  between 

problems  that  can  be  solved  by  technology  and  those  that  cannot  (e.g.,  distinguish  between  problems 
that  can  be  solved  by  technology^  such  as  the  need  for  better  injury -prevention  devices  in  cars,  and 
those  that  cannot,  such  as  the  need  to  eliminate  car  accidents) 

118-10  propose  courses  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  an  array 
of  perspectives,  including  that  of  sustainability  (e.g.,  propose  a  course  of  action  that  addresses  the 
issue  of  eliminating  speed  limits  on  four-lane  highways) 


Energy  and  momentum 


Initiating  and  planning 

212-1     identify  questions  to  investigate  that  arise  ft*om  practical  problems  and  issues  (e.g.,  identify  questions  such 
as  'How  can  we  increase  the  efiicienc)^  of  energy  transformations?') 

212-3  design  an  experiment  identifying  and  controlling  major  variables  (e.g.y  design  an  experiment  to  investi- 
gate the  law  of  conservation  of  energy) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for 

problem  solving,  inquiring,  and  decision  making  (e.g.,  select  appropriate  instruments  when  preparing 
an  investigation  related  to  the  law  of  conservation  of  energy) 

Performing  and  recording 

2 1 3-  2     carry  out  procedures  controlling  the  major  variables  and  adapting  or  extending  procedures  where  required 

(e.g.,  control  the  major  variables  when  conducting  experiments  to  determine  the  relationships 
between  kinetic  and  potential  energies) 

Analysing  and  interpreting 

2 1 4-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including  diagrams, 

flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  create  free  body  diagrams  using  appropriate  software) 

214-11  provide  a  statement  that  addresses  the  problem  or  answers  the  question  investigated  in  light  of  the  fink 
between  data  and  the  conclusion  (e.g.,  summarize  findings  from  relei^ant  investigations  by  linking 
the  data  and  conclusion) 

214-14  construct  and  test  a  prototype  of  a  device  or  system  and  troubleshoot  problems  as  they  arise  (e.g.,  test 
prototypes  of  devices  in  "egg-drop"  activities) 

214-16  evaluate  a  personally  designed  and  constructed  device  on  the  basis  of  criteria  they  have  developed 
themselves  (e.g.,  develop  criteria  like  use  of  appropriate  materials  and  suitability  of  design  for 
"egg-drop  "activity) 

Communication  and  teamwork 


215-2 


215-4 


select  and  use  appropriate  numeric,  symbohc,  graphical,  and  linguistic  modes  of  representation  to 
communicate  ideas,  plans,  and  results  (e.g.,  communicate  the  results  of  investigations  demonstrating 
the  law  of  conservation  of  energy  or  the  relationship  betiveen  kinetic  and  potential  energies) 

identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g,  identifi  perspectives 
such  as  legislation  versus  cost  and  personal  freedom  with  respect  to  safety  deiices  such  as  seat  belts 
and  passive  restraint  systems) 


Energy  and  momentum 


KNOWLEDGE 

It  is  expected  that  students  will... 


326-1     analyse  quantitatively  the  relationships  among  mass,  height,  speed,  and  heat  energy  using  the  law  of 
conservation  of  energy 

326-2     apply  quantitatively  Newton's  laws  of  motion  to  impulse  and  momentum 

326-3     apply  quantitively  the  laws  of  conservation  of  momentum  to  one-  and  two-dimensional  colhsions  and 
explosions 

326-4    determine  which  laws  of  conservation  of  energy  or  momentum  are  best  used  to  solve  particular  real-life 
situations  involving  elastic  and  inelastic  colhsions 

326-5  describe  quantitatively  mechanical  energy  as  the  sum  of  kinetic  and  potential  energies 

326-6  analyse  quantitatively  problems  related  to  kinematics  and  dynamics  using  the  mechanical  energy  concept 

326-7  analyse  common  energy  transformation  situations  using  the  work-energy  theorem 

326-8  determine  the  per  cent  efficiency  of  energy  transformations 

326-9  apply  quantitatively  the  law  of  conservation  of  mass  and  energy,  using  Einstein's  mass-energy  equivalence 


Specific  learning  outcomes 


PHYSICS 


ILLUSTRATIVE  EXAMPLE 


\235 


As  a  rite  of  passage  into  adulthood,  the  males  of  a  Pacific  Island  would  tie  vines  to  their  ankles  and  jump  off 
platforms  built  on  hillsides.  Today  bungee  jumping  has  become  popular  with  thrill  seekers  the  world  over. 
Designing  bungee  ropes  and  determining  a  safe  height  for  the  platform  are  important  considerations  in  reducing 
risk.  Students  should  be  able  to  apply  the  conservation  laws  of  energy  and  momentum  when  analysing  situations  Uke 
bungee  jumping.  This  illustrative  example  emphasizes  the  nature  of  science  and  technology. 

Exploration 

-  Students  view,  either  directly  or  through  the  use  of  video,  the  sport  of  bungee  jumping,  and  they  note  the 
sequence  of  events  during  a  jump.  After  the  video,  they  examine  and  note  the  properties  of  a  bungee  rope. 

The  above  exploration  may  lead  to  the  following  question: 

How  can  you  redesign  an  existing  bungee  jump  to  accommodate  jumpers  of  masses  between  35  kg  and  120  kg? 
Development 

-  Students  use  the  law  of  conservation  of  energy  to  determine  the  velocity  a  person  would  have  at  the  end  of  the 
initial  jump. 

-  Students  develop  a  design  for  a  laboratory  scale  prototype  of  a  bungee  jump  that  can  accommodate  a  range 
of  masses. 

-  Students  build  and  test  the  bungee  jump  prototype  using  a  variety  of  masses,  and  make  adjustments  as  necessary. 

-  Students  compare  theoretical  data  with  data  collected  from  prototype  tests. 

Application 

-  Students  extrapolate  findings  from  prototype  tests  to  real  conditions,  taking  into  consideration  such  aspects 
as  mass  of  jumper,  height  of  jump  platform,  free-fall  distance,  spring  constant,  potential  and  kinetic  energies,  in 
mathematical  and  graphical  forms. 

-  Students  identify  tradeoffs  in  the  design  of  a  bungee  jump. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-4,  115-5 

-  Skills:  212-3,  213-2,  214-3,  214-11 

-  Knowledge:  326-1,  326-5 

-  Attitudes:  449 


11  -  12 


Specific  learning  outcomes 


PHYSICS 


STS  E 

is  expected  that  students  will... 


Nature  of  science  and  technology 

1 14-  2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 

(e.g.,  explain  the  role  of  evidence  in  the  development  of  the  particle-wave  model  of  light  and  the 
Newton-Huygens  debate) 

115-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are 

tested  and  subsequently  restricted,  revised,  or  replaced  (e.g.,  explain  how  various  experiments  helped 
confirm  the  existence  of  the  photon) 

Relationships  between  science  and  technology 

116-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  resuh  of  the 

invention  of  a  technology  (e.g.,  provide  examples  such  as  the  spectroscope,  fibre  optics,  and  X-rays) 

116-6    describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 
principles  (e.g.,  evaluate  the  design  and function  of  microwave  transmission  towers  and  satellites 
for  communications,  and  optical  devices) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  the  systems  and  components  of  a  device  that  uses  photoelectric  cells  to  sense 
or  monitor  an  event) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.j  analyse  the  health 

considerations  that  led  to  the  development  of  sunscreen  lotions) 

117-  9    analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify  areas  of  further  study 

related  to  science  and  technology  (e.g.,  demonstrate  an  awareness  that  the  study  of  light  and  sound 
can  lead  to  a  career  as  an  optometrist  or  an  audiologist) 

1 18-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  analyse  examples  such  as  microwave 
ovens,  cell  phones,  and  the  medical  use  of  X-rays) 

118-4     evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  a  variety  of  criteria  that  they 
have  identified  themselves  (e.g.,  evaluate  technologies  such  as  photo  radars.  X-rays,  satellites  for 
weather  prediction,  and  environmental  and  agricultural  monitoring) 


Waves 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-3     design  an  experiment  identifying  and  controlling  major  variables  (e.g.,  design  an  experiment  to  measure 
the  sensitivity  of  certain  living  things  to  sound) 

212-4    state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information  (e.g.,  predict 
AM-  and  FM-radio  reception  patterns  in  urban  and  rural  areas) 

212-  5     identify  the  theoretical  basis  of  an  investigation  and  develop  a  prediction  and  a  hypothesis  that  are  consistent 

with  the  theoretical  basis  (e.g..  state  predictions  and  hypotheses  when  inwstigating  black-body  radiation 
and  the  photoelectric  effect) 

Performing  and  recording 

213-  1     implement  appropriate  sampling  procedures  (e.g.,  implement  appropriate  procedures  when  measuring 

radiation  emitted  by  microwave  ovens  or  cellular  phones) 

213-  6    use  hbrary  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  research 

acceptable  leiels  of  exposure  to  electromagnetic  radiation) 

Analysing  and  interpreting 

214-  6    apply  and  assess  alternative  theoretical  models  for  interpreting  knowledge  in  a  given  field  (e.g.,  assess  the 

wave  model  of  light  and  the  particle  model  of  light) 

214-  8    evaluate  the  relevance,  reliability,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  evaluate  data 

obtained  during  a  study  of  waves  that  used  a  ripple  tank) 

Communication  and  teamwork 

215-  7     evaluate  individual  and  group  processes  used  in  planning,  problem  solving  and  decision  making,  and 

completing  a  task  (e.g.,  evaluate  a  group  investigation  of  sound  or  noise  pollution) 


Waves 


KNOWLEDGE 

It  is  expected  that  students  will.. 


327-1     describe  the  characteristics  of  longitudinal  and  transverse  waves 

327-2     apply  the  wave  equation  to  explain  and  predict  the  behaviour  of  waves 

327-3     explain  quantitatively  the  relationships  between  displacement,  velocity,  time,  and  acceleration  for 
simple  harmonic  motion 

327-4    explain  quantitatively  the  relationship  between  potential  and  kinetic  energies  of  a  mass  in  simple 
harmonic  motion 

327-5    compare  and  describe  the  properties  of  electromagnetic  radiation  and  sound 

327-6     describe  how  sound  and  electromagnetic  radiation,  as  forms  of  energy,  are  produced  and  transmitted 

327-7     apply  the  laws  of  reflection  and  the  laws  of  refraction  to  predict  wave  behaviour 

327-8     explain  qualitatively  and  quantitatively  the  phenomena  of  wave  interference,  diffraction,  reflection,  and 
refraction,  and  the  Doppler-Fizeau  effect 

327-9     describe  how  the  quantum  energy  concept  explains  black-body  radiation  and  the  photoelectric  effect 

327-1 0  explain  quahtatively  and  quantitatively  the  photoelectric  effect 

327-11  summarize  the  evidence  for  the  wave  and  particle  models  of  light 


Specific  learning  outcomes 


11  -  12 


PHYSICS 


ILLUSTRATIVE  EXAMPLE 


Understanding  mechanical  waves  such  as  sound  has  artistic  and  aesthetic  implications.  For  example,  computers 
equipped  with  sound  cards  can  produce  musical  sounds  that  are  similar  to  the  sounds  produced  by  conventional 
musical  instruments.  The  problem  for  software  designers  is  to  make  the  computer  generate  a  realistic  reproduction 
of  the  sound  of  a  musical  instrument.  It  is  important  to  make  students  aware  of  the  basic  principles  of  sound  and  to 
encourage  students  to  explore  these  phenomena  through  the  use  of  concrete  materials.  This  illustrative  example 
emphasizes  the  relationships  between  science  and  technology  and  the  unifying  concepts  of  constancy  and  change. 

Exploration 

-  Students  use  a  variety  of  instruments  to  produce  the  note  middle-C.  For  example,  students  could  hsten  to  pure 
middle-C  and  middle-C  sounds  produced  using  a  computer  sound  card. 

-  They  then  describe  each  sound  produced. 

The  above  exploration  could  lead  to  the  following  question: 

How  can  you  make  a  computer  produce  a  middle-C  sound  that  is  indistinguishable  from  that  produced  by  a  grand  piano? 
Development 

-  Students  use  terms  such  as  "pitch,"  "tone,"  "frequency,"  and  "frequency  mixing"  to  describe  the  similarities  and 
differences  between  the  sounds  produced  by  the  different  instruments. 

-  Students  use  the  computer  sound  card  to  produce  different  sounds  through  the  process  of  mixing  a  middle-C 
frequency  with  other  frequencies. 

-  Students  use  the  oscilloscope  to  produce  graphs  of  the  sounds  produced  by  different  instruments. 

-  Students  use  the  method  of  trial  and  error  in  the  mixing  process  to  make  the  computer  produce  the  same  graphs 
produced  by  the  grand  piano  for  middle-C. 

Application 

-  Students  create  sound  profiles  for  different  instruments,  using  the  appropriate  technology. 

-  Students  use  the  computer  to  create  printouts  of  musical  notation  that  correspond  to  sounds  produced  by  the 
sound  card. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  116-6,  116-7 

-  Skills:  213-1,  214-8,  215-7 

-  Knowledge:  327-1,  327-2,  327-4 

-  Attitudes:  441,  445 
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Specific  learning  outcomes 


PHYSICS 


STSE 

It  is  expected  that  students  will... 


Nature  of  science  and  technology 

114-2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 
(e.g.,  explain  the  role  of  evidence  and  theories  in  the  concept  of fields) 

114-4     identify  various  constraints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 
(e.g.,  identify'  issues  such  as  the  cost  and  availability  of  more  efficient  electric  motors  for 
automobiles) 

114-  5     describe  the  importance  of  peer  review  in  the  development  of  scientific  knowledge  (e.g.,  describe  examples 

such  as  criticism  of  the  published  works  of  Coulomb,  Cavendish,  Gilbert,  and  Franklin) 

115-  3     explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities  (e.g.,  explain 

how  f eld  theory  helped  sciefitists  understand  the  motion  of  celestial  bodies  and  the  role  of particles 
in  electromagnetic  fields) 

Relationship  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 

invention  of  a  technology  (e.g.,  describe  examples  such  as  how  the  equipment  used  by  Coulomb  and 
Cavendish  enhanced  our  scientific  understanding) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  analyse  systems  such  as  motors  and  generators,  batter)^ -charging  systems  in  cars,  photocopiers, 
and  electrostatic  air  cleaners) 

Social  and  environmental  contexts  of  science  and  technology 

117-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  analyse  the  need  to  protect 

humans  from  electric  and  magnetic  fields) 

1 1 7-  9     analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify  areas  of  further  study 

related  to  science  and  technology  (e.g.,  demonstrate  an  awareness  that  advanced  studies  can  lead 
to  careers  in  radiolog)',  geolog}\  and  electrical  engineering) 

118-  5    construct  arguments  to  support  a  decision  or  judgement,  using  examples  and  evidence  and  recognizing 

various  perspectives  (e.g.,  decide  whether  a  new  housing  development  should  be  permitted  near  a 
high-voltage  power  line) 


Fields 


SKILLS 

expected  that  students  will... 


Initiating  and  planning 

212-2     define  and  dehmit  problems  to  facifitate  investigation  (e.g.,  study  the  relationship  between  electrical 
force  and  charge  using  only  tivo  charges) 

212-  6    design  an  experiment  and  identify  specific  variables  (e.g.,  design  an  experiment  to  study  electrical 

force  using  a  current  balance) 

Performing  and  recording 

213-  4    estimate  quantities  (e.g.,  estimate  quantities  when  measuring  electrical  and  magnetic  fields) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  research  the  latest  technological  breakthroughs  associated  with  electric  cars) 

Analysing  and  interpreting 

214-  5    interpret  patterns  and  trends  in  data,  and  infer  or  calculate  hnear  and  nonhnear  relationships  among 

variables  (e.g.,  interpret  trends  in  experimental  data  while  verifying  the  inverse-square  law) 

214-9    identify  and  apply  criteria,  including  the  presence  of  bias,  for  evaluating  evidence  and  sources  of  information 
(e.g,  apply  criteria  to  assess  the  quality  of  information  on  the  harmful  effects  of  electromagnetic  fields) 

214-  13  identify  and  correct  practical  problems  in  the  way  a  technological  device  or  system  functions  (e.g.,  perform 

appropriate  adjustments  to  ensure  a  properly  functioning  current  balance) 

Communication  and  teamwork 

215-  1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond 

to  the  ideas  of  others  (e.g.,  debate  the  feasibility  of  electric  cars) 

215-3     synthesize  information  from  multiple  sources  or  from  complex  and  lengthy  texts  and  make  inferences 
based  on  this  information  (e.g.,  synthesize  studies  on  shielding  computer  systems  from  electric  and 
magnetic  fields) 


Fields 


KNOWLEDGE 

It  is  expected  that  students  will...] 


328- 1     describe  gravitational,  electric,  and  magnetic  fields  as  regions  of  space  that  affect  mass  and  charge 

328-2     describe  gravitational,  electric,  and  magnetic  fields  by  illustrating  the  source  and  directions  of  the  lines  of 

force 

328-3     describe  electric  fields  in  terms  of  like  and  unlike  charges,  and  magnetic  fields  in  terms  of  poles 

328-4     compare  Newton's  universal  law  of  gravitation  and  Coulomb's  law,  and  apply  both  laws  quantitatively 

328-5     analyse,  qualitatively  and  quantitatively,  the  forces  acting  on  a  moving  charge  and  on  an  electric  current  in 
a  uniform  magnetic  field 

328-6     describe  the  magnetic  field  produced  by  current  in  both  a  solenoid  and  a  long,  straight  conductor 

328-7     analyse,  qualitatively  and  quantitatively,  electromagnetic  induction  by  both  a  changing  magnetic  flux 
and  a  moving  conductor 

328-8     develop  and  compare  expressions  used  when  measuring  gravitational,  electric,  and  magnetic  fields 
and  forces 

328-9    compare  the  way  a  motor  and  a  generator  function,  using  the  principles  of  electromagnetism 


Specific  learning  outconnes 


PHYSICS 


ILLUSTRATIVE  EXAMPLE 


11  -  12 


\239 


Television  is  used  in  conjunction  with  video  cameras,  video  discs,  and  VCRs  for  a  wide  variety  of  purposes,  including 
entertainment,  education,  engineering,  and  medicine.  These  electrical  devices  use  the  principles  of  electromagneism 
and  energy  to  produce  an  image  on  a  screen.  Students  should  be  able  to  apply  these  principles  to  the  functioning 
of  TV  picture  tubes.  This  illustrative  example  emphasizes  the  nature  of  science  and  technology  and  tlie  unifying 
concepts  of  energy. 

Exploration 

-  Using  a  DC  power  source,  wire,  solenoid,  and  a  compass,  investigate  the  characteristics  of  magnetic  fields; 
and,  using  an  electron  tube,  observe  the  effects  of  a  magnet  on  the  electron  beam. 

-  Use  print  and  electronic  sources  to  investigate  the  development  of  television  technology. 

The  above  exploration  may  lead  to  the  following  question: 

Is  the  quality  of  the  image  produced  by  a  27"  television  set  better  than  that  produced  by  a  54"  set? 
Development 

-  Students  analyse  both  quaUtatively  and  quantitatively  the  forces  produced  as  a  result  of  electric  current  flowing 
through  a  wire.  They  determine  what  factors  are  responsible  for  increasing  and  decreasing  the  force  on  the  mov- 
ing charge. 

-  Develop  a  plan  to  compare  the  quality  of  the  picture  for  smaller  imd  larger  picture  tubes  by  identifying  specific 
major  variables  and  criteria. 

Application 

-  List  the  design  difficulties  involved  in  manufacturing  a  54"  TV  set  compared  to  those  involved  for  a  27"  set,  as 
weU  as  the  changes  that  would  need  to  be  made  to  the  design  if  the  quahty  of  the  picture  for  a  54"  set  were  to 
match  that  of  a  27"  set. 

-  Determine  whether  it  is  in  a  buyer's  best  interests  if  the  TV  sets  manufactured  for  North  America  renewed  the 
color  screen  25  times  a  second  rather  than  the  current  30  times  per  second,  and  if  the  electron  beam  traced 
625  lines  on  screen,  rather  than  the  current  standard  of  525  lines. 

-  Explain  the  synchronization  of  the  cathode-ray  tube  with  TV  cameras  and  TV  sets. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-4 

-  Skills:212-2,  212-6,  213-7 

-  Knowledge:  328-3,  328-5,  320-6 

-  Attitudes:  441,  443 


Specific  learning  outcomes  W 


PHYSICS 


STSE 

It  is  expected  that  students  will. 


Nature  of  science  and  technology 

114-  7     compare  processes  used  in  science  with  those  used  in  technology  (e.g.,  compare  the  process  used  in 

dei^eloping  the  Bohr  model  of  the  atom  with  those  used  in  developing  the  light  meter  in  cameras) 

1 1 5-  3     explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 

(e.g.  J  explain  the  impact  on  modem  physics  of  Planck's  theory  of  quantization  of  energy) 

115-5     analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g.,  analyse 
the  design  of  nuclear  reactors  to  meet  both  energy  needs  and  safety  requirements) 

115-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  fight  and  as  laws  and  theories  are 

tested  and  subsequendy  restricted,  revised,  or  replaced  (e.g.,  explain  how  the  atomic  theory  was 
dei^eloped  on  the  basis  of  new  evidence) 

Relationships  between  science  and  technology 

1 1 6-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  analyse  and  describe  examples  such  as  the  invention  of  semiconductors  and  electron  microscopes) 

1 1 6-  6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  fiinction,  using  scientific 

principles  (e.g.,  describe  examples  such  as  cobalt  therapy  for  cancer  treatment,  and  smoke  detectors) 

Social  and  environmental  contexts  of  science  and  technology 

117-  5     provide  examples  of  how  science  and  technology  are  an  integral  part  of  their  lives  and  their  community 

(e.g.,  provide  examples  related  to  the  use  of  radiation  in  various  medical  technologies) 

117-  11   analyse  examples  of  Canadian  contributions  to  science  and  technology  (e.g.,  analyse  examples  such  as 

the  dei^elopment  of  CANDL  nuclear  reactor  technology) 

118-  8    distinguish  between  questions  that  can  be  ansivered  by  science  and  those  that  cannot,  and  between 

problems  that  can  be  solved  by  technology  and  those  that  cannot  (e.g.,  distinguish  between  questions  that 
can  be  answered  by  science,  such  as  'What  are  the  scientific  principles  behind  carbon  dating?"  and 
those  that  cannot,  such  as  "Can  carbon  dating  provide  us  with  complete  information  about  the  past?") 


*3 


dioactivlty  and  modern  physics 


SKILLS 

ected  that  students  will... 


Initiating  and  planning 

212-7    formulate  operational  definitions  of  major  variables  (e.g.,  provide  an  operational  definition  of 
half  life) 

212-  9    develop  appropriate  sampUng  procedures  (e.g.,  develop  sampling  procedures  to  detect  radon  in  the 

basements  of  houses) 

Performing  and  recording 

213-  8    select  and  use  apparatus  and  materials  safely  (e.g.,  safely  handle  radioactive  substances) 

213-  9     demonstrate  a  knowledge  of  WHMIS  standards  by  selecting  and  applying  proper  techniques  for  handfing 

and  disposing  of  lab  materials  (e.g.,  demonstrate  a  knowledge  of  WHMIS  standards  when  handling 
radioactive  materials) 

Analysing  and  interpreting 

214-  12  explain  how  data  support  or  refute  the  hypothesis  or  prediction  (e.g.,  analyse  data  on  radioactive  decay 

to  predict  half  life) 

214-1  5  propose  alternative  solutions  to  a  given  practical  problem,  identify'  the  potential  strengths  and  weaknesses 
of  each,  and  select  one  as  the  basis  for  a  plan  (e.g.,  propose  alternative  solutions  for  the  storage  of 
radioactive  waste) 

214-1 7  identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  identify^  questions  such  as 
'What  is  the  origin  of  life?"  and  "How  old  is  the  Earth?) 

214-  18  identify  and  evaluate  potential  applications  of  findings  (e.g.,  examine  altematiw  solutions  for  monitoring 

the  disposal  of  radioactive  ivastes) 

Communication  and  teamwork 

21 5-  4     identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g.,  identify'  multiple 

perspectives  that  should  be  addressed  when  building  a  nuclear  reactor  in  a  community  to  provide 
it  with  electrical  energy) 

215-5    develop,  present,  and  defend  a  position  or  course  of  action,  based  on  findings  (e.g.,  defend  a  position 
on  the  appropriate  use  and  storage  of  nuclear  warheads  or  spent  nuclear  fuel) 


Radioactivity  and  modern  physics 


KNOWLEDGE 

It  is  expected  that  students  will...  ' 


329- 1     explain  quantitatively  the  Compton  effect  and  the  de  Broglie  hypothesis,  using  the  laws  of  mechanics, 
the  conservation  of  momentum,  and  the  nature  of  hght 

329-2     explain  quantitatively  the  Bohr  atomic  model  as  a  synthesis  of  classical  and  quantum  concepts 

329-3     explain  the  relationship  between  the  energy  levels  in  Bohr's  model,  the  energy  difference  between 
the  levels,  and  the  energy  of  the  emitted  photons 

329-4  describe  the  products  of  radioactive  decay  and  the  characteristics  of  alpha,  beta,  and  gamma  radiation 

329-5  describe  sources  of  radioactivity  in  the  natural  and  constructed  environments 

329-6  compare  and  contrast  qualitatively  and  quantitatively  nuclear  fission  and  fusion 

329-7  use  the  quantum  mechanical  model  to  explain  natural  luminous  phenomena 


Specific  learning  outconnes 


11  -  12 


PHYSICS 


ILLUSTRATIVE  EXAMPLE 


In  their  daily  lives,  humans  are  exposed  to  radiation  from  a  variety  of  sources.  In  some  situations  radiation  like  an 
X-ray  is  beneficial,  and  in  other  situations  radiation  like  that  from  the  sun  is  potentially  harmful.  Students  should  assess 
the  risks  and  benefits  of  exposure  to  radiation  from  natural  and  artificial  sources.  This  illustrative  example 
emphasizes  social  and  environmental  contexts  of  science  and  technology  and  the  uniting  concepts  of  energy  and 
change  and  constancy. 

Exploration 

-  Students  perform  an  activity  using  readily  available  materials  like  coins,  coloured  chips,  and  candies  to  demonstrate 
half-life,  and  draw  a  graph.  This  graph  can  then  be  related  to  decay  curves,  taken  from  reference  sources,  for 
other  radioactive  substances. 

-  Students  work  collaboratively  to  develop  a  plan  for  appropriate  sampling  procedures  to  determine  the  levels 
of  radiation  at  home  or  school. 

The  above  exploration  may  lead  to  the  following  question: 

How  much  radiation  are  humans  exposed  to  in  daily  fife,  and  what  risks  and  benefits  are  involved? 

Development 

-  Students  use  a  Geiger  counter  to  measure  radioactivity  from  sources  such  as  smoke  detectors  and  radon  gas 
in  basements. 

-  Students  use  print  and  electronic  resources  to  locate  and  summarize  information  such  as  common  sources  of 
radiation  and  half-lives,  exposure  levels  of  radiation  per  annum,  and  then  they  determine  how  much  radiation 
they  are  exposed  to. 

-  Students  compare  the  causes  of  death  from  radiation  with  other  causes  of  death,  such  as  traffic  accidents  and 
smoking,  and  with  deaths  that  occur  in  certain  occupations  and  recreational  activities. 

Application 

-  Students  complete  a  risk-benefit  analysis  of  exposure  to  artificial  sources  of  radiation  or  to  sources  used  for 
biomedical  diagnoses  and  treatments  like  radioactive  tracers  and  cobalt  therapies. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attiiin  the  following  learning  outcomes; 

-  STSE:  1 14-7,  1 18-8 

-  Skills:212-7,  212-9,  215-4,  215-5 

-  Knowledge:  329-4,  329-5 

-  Attitudes:  436,  437,  442,  447 
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Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STSE 

expected  that  students  will.. 


Nature  of  science  and  technology 

1 1 5-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are 

tested  and  subsequently  restricted,  revised,  or  replaced  (e.g.,  explain  how  worldwide  monitoring  of 
environmental  changes  such  as  atmospheric  CO 2  or  ozone  levels  has  contributed  to  our  understanding 
of  global  systems) 

Relationships  between  science  and  technology 

1 1 6-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 

invention  of  a  technology  (e.g.,  describe  how  the  developmetit  of  the  seismograph  has  helped  determine 
the  internal  structure  of  Earth) 

1 1 6-4  analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 
(e.g.,  describe  examples  such  as  control  techniques  for  shoreline  erosion  or  the  development  of 
weather  forecasting  instruments) 

116-  7     analyse  natural  and  technological  systems  to  interpret  and  explain  their  structure  and  dynamics 

(e.g.,  expkiin  the  interactions  of  the  atmosphere  and  the  hydrosphere  in  the  water  cycle) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  4     debate  the  merits  of  funding  specific  scientific  or  technological  endeavours  and  not  others  (e.g.,  debate 

the  merits  of  funding  projects  such  as  the  Lithoprobe,  Deep  Sea  Drilling,  and  MONO  projects,  which 
have  increased  our  understanding  of  Earth's  crust) 

1 1 7-  7     identify  and  describe  science-  and  technology -based  careers  related  to  the  science  they  are  studying 

(e.g.,  describe  examples  such  as  hy^drobgist  and  meteorologist) 

118-  10  propose  courses  of  action  on  social  issues  related  to  science  and  technology;  taking  into  account  an  array 

of  perspectives,  including  that  of  sustainability  (e.g.,  outline  a  strategy  for  groundwater  protection  that 
takes  into  account  both  its  vulnerability  and  its  economic  importance) 


Earth  systems 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-  9     develop  appropriate  sampling  procedures  (e.g.,  develop  ocean  or  freshwater  prof  ling  techniques) 
Performing  and  recording 

213-  1     implement  appropriate  sampling  procedures  (e.g.,  measure  local  weather  variables  to  determine 

microclimates  within  a  given  region) 

213-2  carry  out  procedures  controlling  the  major  variables  and  adapting  or  extending  procedures  where 
required  (e.g.,  carry  out  an  investigation  to  compare  the  heating  and  cooling  rates  of  soil  and 
water) 

213-3     use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  use  instruments  to  accurately  record 
and  organize  weather  data) 

213-  8    select  and  use  apparatus  and  materials  safely  (e.g.,  use  materials  safely  when  identifying  rocks  and 

minerals) 

Analysing  and  interpreting 

214-  2     identify  Umitations  of  a  given  classification  system  and  identify  alternative  ways  of  classifying  to  accommodate 

anomalies  (e.g.,  suggest  improvements  to  the  classiftcation  system  for  rocks  and  minerals) 

214-10  identify  and  explain  sources  of  error  and  uncertainty  in  measurement  and  express  results  in  a  form  that 
acknowledges  the  degree  of  uncertainty  (e.g.,  identify  sources  of  error  when  measuring  local  weather 
conditions) 

214-1  5  propose  alternative  solutions  to  a  given  practical  problem,  identify  the  potential  strengths  and  weaknesses 
of  each,  and  select  one  as  the  basis  for  a  plan  (e.g.,  propose  alternative  solutions  to  problems  created 
by  stream  or  seashore  erosion) 

Communication  and  teamwork 


215-3 


215-6 


synthesize  information  from  multiple  sources  or  from  complex  and  lengthy  texts  and  make  inferences  based 
on  this  information  (e.g.,  from  research,  infer  the  potential  impact  of forest  fires  on  the  atmosphere) 

work  cooperatively  with  team  members  to  develop  and  carry  out  a  plan,  and  troubleshoot  problems 
as  they  arise  (e.g.,  work  cooperatively  in  developing  a  strategy  on  protecting  groundwater) 


Earth  systems 


KNOWLEDGE 

It  is  expected  that  students  wilL. 


330- 1  describe  theories  and  evaluate  the  limits  of  our  understanding  of  Earth's  internal  structure 

330-2  classify  rocks  according  to  their  structure,  chemical  composition,  and  method  of  formation 

330-3  classify  common  minerals  according  to  their  physical  and  chemical  characteristics 

330-4  analyse  the  interactions  between  the  atmosphere  and  human  activities 

330-5  describe  the  composition  and  structure  of  the  atmosphere 

330-6  describe  the  dominant  factors  that  produce  seasonal  weather  phenomena 

330-7  describe  the  characteristics  of  Canada's  three  oceans 

332- 1  describe  interactions  of  components  of  the  hydrosphere,  including  the  cryosphere 

332-2  analyse  energy  and  matter  transfer  in  the  water  cycle 

332-3  describe  major  interactions  among  the  hydrosphere,  lithosphere,  and  atmosphere 


Specific  learning  outcornes^^^^^^^^^^ 
EARTH  AND  SPACE  SCIENCE^^^^^^ 


Earth  contains  a  variety  of  complex,  yet  interconnected  systems.  The  major  systems  are  generally  referred  to  as 
Earth's  spheres  —  atmosphere,  hydrosphere,  lithosphere,  and  biosphere  —  and  within  each  are  other  systems  or 
subsystems.  It  is  important  that  students  be  introduced  to  the  principal  features  of  the  atmosphere,  hydrosphere,  and 
hthosphere  and  how  they  interact  with  one  another,  because  the  physical  setting  for  the  biosphere  is 
important.  This  illustrative  example  emphasizes  the  relationships  between  science  and  technology  and  the  unifying 
concept  of  systems  and  interactions. 

Exploration 

-  Students  could  investigate  each  of  Earth's  systems  to  identify  their  general  characteristics.  These  investigations 
could  include  such  activities  as:  monitoring  weather  patterns  using  appropriate  tools  and  procedures;  identifying 
and  classifying  rocks  and  minerals;  analysing  oceanographic  data;  and  studying  local  examples  of  erosional  activity. 

The  above  exploration  may  lead  to  the  following  question: 

How  do  the  atmosphere  and  hydrosphere  interact  in  the  water  cycle? 

Development 

-  Students  describe  the  physical  processes  of  evaporation,  condensation,  and  precipitation,  including  the  energy 
transferral  that  takes  place  in  each  process.  Using  this  information,  they  should  be  able  to  explain  common 
weather  phenomena  such  as  rain,  thunderstorms,  hurricanes,  and  tornados.  They  should  be  able  to  demonstrate 
an  understanding  that,  while  the  hydrosphere  and  the  atmosphere  may  be  described  separately,  they  are 
inextricably  linked. 

-  To  develop  or  reinforce  their  communication  skills  and  to  demonstrate  their  creativity,  students  could  be  asked 
to  write  a  story  from  the  perspective  of  a  water  molecule  and,  in  the  context  of  the  story,  thoroughly  explain  the 
water  cycle. 

Application 

-  For  participation  in  outdoor  activities,  knowledge  of  the  weather  and  weather  systems  is  verv  useful. 

To  become  familiar  with  weather  predicting,  students  develop  possible  weather  scenarios  describing  some 
atmospheric  conditions.  They  then  challenge  other  classmates  to  predict  what  the  effects  of  those  conditions  could  be 
on  weather  for  the  short  term  and  the  long  term. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  115-7,  116-4,  116-7 

-  Skills:  213-3,  215-6 

-  Knowledge:  330-4,  330-6,  332-1,  332-2,  332-3 

-  Attitudes:  439,  445,  448 


Specific  learning  outcomes 
EARTH  AND  SPACE  SCIENCE 


244 


STS  E 

It  is  expected  that  students  will.. 


Nature  of  science  and  technology 

1 1 4-4     identif}  various  constmints  that  result  in  tradeoffs  during  the  development  and  improvement  of  technologies 
(e.g.,  identify'  the  need  to  minimize  the  environmental  impact  of  technologies  that  are  being 
developed  to  efficiently  extract  natural  resources) 

Relationships  between  science  and  technology 

116-  6    describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 

principles  (e.g.,  evaluate  the  design  of  the  technology  used  to  recover  oil  or  natural  gas  from  the 
earth) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  2     analyse  society's  influence  on  scientific  and  technological  endeavours  (e.g.,  examine  the  social 

considerations  related  to  the  development  of  a  natural  resource  near  a  park,  protected  area,  or 
Aboriginal  land) 

117-  5    provide  examples  of  how  science  and  technology  are  an  integral  part  of  their  hves  and  their  community 

(e.g.,  provide  examples  of  Earth  resources  that  are  used  in  the  community) 

1 1 8-  2     analyse  from  a  variety  of  perspectives  the  risks  and  benefits  to  society  and  the  environment  of  applying 

scientific  knowledge  or  introducing  a  particular  technology  (e.g.,  analyse  the  risks  and  benefits  of 
offshore  oil  and  gas  development) 

118-10  propose  courses  of  action  on  social  issues  related  to  science  and  technology,  taking  into  account  an  array 
of  perspectives,  including  that  of  sustainabiUty  (e.g.,  attempt  to  reach  consensus  at  a  simulated  town 
hall  meeting  called  to  discuss  the  potential  devebpment  of  a  local  natural  resource) 


wm. 


resources 


SKILLS 

It  is  expected  that  students  will. 


Initiating  and  planning 

212-7     formulate  operational  definitions  of  major  variables  (e.g.,  provide  an  operational  definition  for  the 
grade  of  an  ore  body  or  for  the  oil  concentration  in  tar  sands) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  select  appropriate geophy^sical  data  to  identify  the  most 
probable  location  of  mineral  concentrations  and  analyse  the  reliability  of  the  data) 

Performing  and  recording 

213-  5    compile  and  organize  data,  using  appropriate  formats  and  data  treatments  to  facilitate  interpretation  of 

the  data  (e.g.,  identify  criteria  for  the  economic  development  of  a  Mine  and  apply  them  in 
interpreting  a  prospectus;  present  an  assessment  of  the  technological feasibility  of  extracting 
certain  ore  bodies) 

Analysing  and  interpreting 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  variety  of  formats,  including 

diagrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  collect  and  display  geophy^sical  data  from 
a  mineral  exploration) 

214-5     interpret  patterns  and  trends  in  data,  and  infer  or  calculate  linear  and  nonhnear  relationships  among 
variables  (e.g.,  determine  the  quality  and  composition  of  a  natural  gas  reservoir  from  available 
data) 

214-9    identify  and  apply  criteria,  including  the  presence  of  bias,  for  evaluating  evidence  and  sources  of  information 
(e.g.,  develop  and  apply  criteria  associated  with  geoph}'sical  data  from  a  possible  site  of  mineral 
concentration) 

214-  1 1   provide  a  statement  that  addresses  the  problem  or  answers  the  question  investigated  in  light  of  the  fink 

between  data  and  the  conclusion  (e.g.,  provide  a  rationale  for  their  selection,  from  giimi  data,  of  the 
most  probable  site  of  a  mineral  concentration) 

Communication  and  teamwork 

21 5-  5     develop,  present,  and  defend  a  position  or  course  of  action,  based  on  findings  (e.g.,  develop,  present, 

and  defend  a  position  at  the  town  hall  meeting  about  the  potential  dei^elopment  of  a  local  natural 
resource) 

215-7    evaluate  individual  and  group  processes  used  in  planning,  problem  solving  and  decision  making,  and 

completing  a  task  (e.g.,  conduct  a  debriefing  session  after  the  simulated  town  hall  debate  to  ei^aluate 
the  group  dynamics) 


Earth  resources 


KNOWLEDGE 

It  is  expected  that  students  will...  ] 


330-8    describe  the  importance  of  minerals  and  mineral  exploration  at  the  local,  provincial,  national,  and 
global  levels 

330-9     describe  the  historical  evolution  of  extraction  and  of  the  use  of  several  resources  obtained  from 
the  lithosphere 

330- 1 0  describe  the  processes  and  technologies  involved  in  developing  an  Earth  resource,  from  exploration 
to  extraction  to  refining 

330- 1 1   identify  factors  involved  in  responsibly  developing  Earth's  resources 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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Many  of  Earth's  resources  are  nonrenewable.  In  recent  years,  humans  have  become  more  aware  of  the  need  to 
recover  and  use  resources  in  a  responsible  way  Students  should  develop  an  understanding  and  appreciation  of  the 
finite  nature  of  Earth's  resources  and  how  these  resources  should  be  used  to  meet  present  needs,  taking  into 
account  the  needs  of  future  generations.  This  illustrative  example  emphasizes  the  social  and  environmental  contexts 
of  science  and  technology. 

Exploration 

-  Through  discussion  or  a  brainstorming  session  students  indicate  their  understanding  of  the  significance 
of  mining  activities  in  a  global  context  and  the  contribution  of  mining  activities  to  the  local,  provincial,  or 
national  economy 

The  above  exploration  may  lead  to  the  following  questions: 

What  types  of  information  are  necessary  and  what  processes  are  used  to  make  a  decision  about  whether  a  specific 
mining  activity  should  proceed? 

Development 

-  Students  analyse  seismic  data  and  drill-core  sample  data  to  determine  the  nature  and  size  of  a  particular  ore  bodv. 
Students  further  analyse  social,  economic,  and  environmental  factors  to  determine  the  economic  viabihty 

or  feasibihty  of  developing  the  ore  body  and  to  make  and  justify  a  decision. 

-  Students  role-play  or  debate  the  question  of  developing  a  mineral  resource  that  has  been  discovered  in  a 
protected  area.  As  a  group,  students  could  reach  a  consensus  as  to  whether  or  not  the  resource  should  be  developed. 

Application 

-  Students  role-play  as  investors  and  apply  their  knowledge  to  the  interpretation  of  a  mining  company  prospectus. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  117-2,  118-10 

-  Skills:2l4-5,  214-9,  215-7 

-  Knowledge:  330-8,330-11 

-  Attitudes:  442,  443,  446,  447 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


Nature  of  science  and  technology 

114-5     describe  the  importance  of  peer  review  in  the  development  of  scientific  knowledge  (e.g.,  describe  how 
the  ideas  of  different  scientists  contributed  to  the  evolution  of  the  continental  drift  theory  into  the 
theory  of  plate  tectonics) 

1 14-7     compare  processes  used  in  science  with  those  used  in  technology  (e.g.,  compare  the  processes  involved 
in  the  development  of  the  seismograph  with  the  use  of  the  seismograph  to  understand  earthquakes) 

Relationships  between  science  and  technology 

116-4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 
(e.g.,  describe  examples  such  as  the  development  of  a  worldwide  tsunami  monitoring  system) 

1 1 6-6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 
principles  (e.g.,  use  relevant  scientific  principles  to  describe  how  a  seismograph  functions) 

Social  and  environmental  contexts  of  science  and  technology 

118-4    evaluate  the  design  of  a  technology  and  the  way  it  functions  on  the  basis  of  a  variety  of  criteria  that  they 
have  identified  themselves  (e.g.,  evaluate  the  design  of  buildings  designed  to  withstand  earthquakes) 


Earth  processes 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-4     state  a  prediction  and  a  hypothesis  based  on  available  evidence  and  background  information 
(e.g.,  propose  a  hypothesis  for  a  type  of plate  boundary^  given  earthquake  data) 

212-  5     identify  the  theoretical  basis  of  an  investigation  and  develop  a  prediction  and  a  hypothesis  that  are 

consistent  with  the  theoretical  basis  (e.g.,  predict  areas  of  high  earthquake  activity  based  on  their 
understanding  of  plate  tectonics) 

Performing  and  recording 

213-  6     use  hbrary  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  conduct  research 

on  the  Internet  for  information  on  current  earthquake  and  volcanic  activity) 

Analysing  and  interpreting 

214-  3     compile  and  display  evidence  and  information,  by  hand  or  computer,  in  a  varietv^  of  formats,  including 

diagrams,  flow  charts,  tables,  graphs,  and  scatter  plots  (e.g.,  compile  and  display  evidence  and 
information  illustrating  areas  in  the  world  that  have  high  seismic  and  volcanic  activity) 

214-12  explain  how  data  support  or  refute  the  hypothesis  or  prediction  (e.g.,  support,  using  appropriate  data, 
predictions  of  where  there  will  likely  be  earthquake  activity) 

214-14  construct  and  test  a  prototype  of  a  device  or  system  and  troubleshoot  problems  as  they  arise  (e.g.,  construct 
and  test  a  deiice  that  could  be  used  to  detect  earthquakes) 

214-16  evaluate  a  personally  designed  and  constructed  device  on  the  basis  of  criteria  they  have  developed 

themselves  (e.g.,  ei^aluate  a  personally  constructed  seismograph  using  criteria  they  have  developed 
themselves) 

214-  18  identify  and  evaluate  potential  applications  of  findings  (e.g.,  use  earthquake  data  to  develop  community 

emergenc)'  response  pkins  for  future  earthqimkes) 

Communicating  and  teamwork 

215-  4     identify  multiple  perspectives  that  influence  a  science-related  decision  or  issue  (e.g.,  identif'  different 

perspectives  on  issues  related  to  building  in  a  geologically  unstable  zone) 


Earth  processes 


KNOWLEDGE 

It  is  expected  that  students  will...  \ 


331-  9     describe  methods  of  monitoring  and  predicting  earthquakes,  volcanic  eruptions,  and  plate  interactions 

332-  8     analyse  evidence  for  plate  tectonics  theory 

332-9    relate  plate  tectonics  to  the  processes  that  change  Earth's  surface 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 


Geophysical  studies  of  Earth  have  generated  evidence  that  Earth's  interior  is  a  dynamic,  moving  environment  that  has 
caused  mountains  to  rise,  basins  to  sink,  and  entire  land  masses  to  move,  resulting  in  continual  rearrangement  of  the 
surface  of  the  continents  and  the  configuration  of  the  oceans.  These  processes,  which  modify  the  shape  of  Earth  s 
surface,  form  the  basis  of  the  plate  tectonic  theory.  Students  can  be  provided  with  an  excellent  opportunity  to  develop 
an  understanding  of  plate  tectonic  theory  by  examining  various  Earth  processes.  This  illustrative  example 
emphasizes  the  relationships  between  science  and  technology. 

Exploration 

-  Students  identify  the  location  of  global  features  such  as  mid-ocean  ridges,  marine  trenches,  island  arcs,  mountains, 
and  volcanoes,  and  hypothesize  why  these  features  are  located  where  they  are. 

The  above  exploration  may  lead  to  the  following  question: 

How  does  an  understanding  of  plate  tectonic  activity  benefit  humankind? 

Development 

-  Students  study  the  distribution  of  global  features  such  as  mid-ocean  ridges,  marine  trenches,  island  arcs,  iiiouiiuuiis, 
and  volcanoes.  They  could  analyse  the  types  of  plate  margins  and  correlate  various  features  with  a  specific  type  of 
margin.  Students  could  use  the  Internet  to  gather  information  about  recent  earthquake  or  volcanic  activity,  or  other 
risks  associated  with  geological  processes. 

-  Students  explore  the  tools  and  techniques  used  to  study  the  processes  that  change  the  hthosphere.  These  tools 
and  techniques  could  include  aerial  photographs,  satellite  photographs,  computer-enhanced  images,  radar,  and 
computer  modehng. 

-  Students  analyse  seismographic  data  to  determine  the  epicenter  of  an  earthquake. 
Application 

-  Knowledge  of  earthquakes  and  information  gathered  from  past  experience  may  be  used  to  create  an 
emergency-response  plan  for  a  community  located  in  a  geologically  active  area. 

-  Devise  a  set  of  construction  guidelines  for  public  buildings  or  homes,  or  guidelines  governing  the  types  of  housing 
allowed  in  a  geologically  active  area. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-7,  116-6 

-  Skills:  212-4,  214-12,  214-18 

-  Knowledge:  331-9,  332-9 

-  Attitudes:  436,  440 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


STS  E 


It  is  expected  that  students  will. 


Nature  of  science  and  technology 

1 14-  9     explain  the  importance  of  communicating  the  results  of  a  scientific  or  technological  endeavour,  using 

appropriate  language  and  conventions  (e.g.,  explain  the  importance  of  specifying  absolute  and  rela- 
tive dating  information  when  describing  a  particular  fossil) 

115-  1     distinguish  between  scientific  questions  and  technological  problems  (e.g.,  distinguish  between  questions 

such  as  'How  and  wh)^  do  the  continents  move?  "  and  'How  do  we  measure  the  rate  at  which  the)' 
move?') 

115-  7     explain  how  scientific  knowledge  evolves  as  new  evidence  comes  to  light  and  as  laws  and  theories  are  tested 

and  subsequently  restricted,  revised,  or  replaced  (e.g.,  explain  how  the  principle  of  uniformitarianism 
was  changed  with  the  discover}'  of  evidence  for  catastrophism) 

Relationships  between  science  and  technology 

116-  2     analyse  and  describe  examples  where  scientific  understanding  was  enhanced  or  revised  as  a  result  of  the 

invention  of  a  technology  (e.g.,  describe  how  radiometric  dating  techniques  allow  more  accurate  dat- 
ing of  rocks  and  fossils) 

116-  4    analyse  and  describe  examples  where  technologies  were  developed  based  on  scientific  understanding 

(e.g.,  explain  that  radiometric  dating  techniques  were  developed  from  an  understanding  of 
radioactive  decay) 

Social  and  environmental  contexts  of  science  and  technology 

117-  9     analyse  the  knowledge  and  skills  acquired  in  their  study  of  science  to  identify  areas  of  fiirther  study  related 

to  science  and  technology  (e.g.,  recognize  fossil  identification  and  radiometric  data  analysis  as  valuable 
skills  for  possible  careers  in  paleon  tolog}'  or  archaeologj^) 

118-  6    construct  arguments  to  support  a  decision  or  judgement,  using  examples  and  evidence  and  recognizing 

various  perspectives  (e.g.,  prepare  arguments,  taking  into  account  various perspectiws  within  and 
outside  the  scientific  community,  to  defend  a  position  on  the  age  of  Earth) 
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Historical  geology 


SKILLS 

It  is  expected  that  students  will... 


Initiating  and  planning 

212-  5     identify  the  theoretical  basis  of  an  investigation  and  develop  a  prediction  and  a  hypothesis  that  are  consistent 

with  the  theoretical  basis  (e.g.,  predict  the  age  of  a  fossil,  giim  the  geobgical  la}w  in  which  it  is  found) 

Performing  and  recording 

213-  6     use  library  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  use  the  Internet 

to  search  for  information  related  to  recent  ideas  on  the  most  ancient  continental  arrangement) 

213-  7     select  and  integrate  information  from  various  print  and  electronic  sources  or  from  several  parts  of  the 

same  source  (e.g.,  select  and  integrate  information  from  various  sources  on  methods  for  determining 
the  age  of  Earth) 

Analysing  and  interpreting 

214-  7     compare  theoretical  and  empirical  values  and  account  for  discrepancies  (e.g.,  compare  the  theoretical 

and  the  actual  results  from  an  activity  that  illustrates  half -life  by  simulating  radioactive  decay) 

214-8    evaluate  the  relevance,  refiability,  and  adequacy  of  data  and  data  collection  methods  (e.g.,  eimluate  the 
reliability  of  radioactive  decay  data  in  determining  the  age  of  a  fossil) 

214-  17  identify  new  questions  or  problems  that  arise  from  what  was  learned  (e.g.,  suggest  how  the  discovery 

of  a  neiv  hominid  fossil  could  alter  our  view  of  human  evolution  by  answering  certain  questions, 
raising  new  questions,  or  opening  up  new  lines  of  thought) 

Communication  and  teamwork 

215-  1     communicate  questions,  ideas,  and  intentions,  and  receive,  interpret,  understand,  support,  and  respond 

to  the  ideas  of  others  (e.g.,  participate  in  a  class  discussion  on  geological  evidence  that  suggests 
continental  positions  and  clirruite  have  changed  ot^  time) 

215-2     select  and  use  appropriate  numeric,  symbohc,  graphical,  and  hnguistic  modes  of  representation  to 

communicate  ideas,  plans,  and  results  (e.g.,  create  and  present  a  geologic  timeline,  highlighting  key 
events) 


Historical  geology 


KNOWLEDGE 

It  is  expected  that  students  will...] 


330-  1 2  use  appropriate  evidence  to  describe  the  geologic  history  of  an  area 

331-  8     describe  the  evidence  used  to  determine  the  age  of  Earth,  and  the  historical  evolution  of  estabhshing 

Earth  s  chronology 

332-  4    illustrate  the  geologic  time  scale  and  compare  to  human  time  scales 

332-5  compare  and  contrast  the  principles  of  uniformitarianism  and  of  catastrophism  in  historical  geology 
332-6     explain  the  appropriate  applications  of  absolute  and  relative  dating 

332-7     describe  geological  evidence  that  suggests  life  forms,  climate,  continental  positions,  and  Earth's  crust 
have  changed  over  time 


Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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Recent  scientific  and  technological  developments  have  enhanced  our  understanding  of  the  history  of  Earth,  but  at 
the  same  time  they  have  raised  more  questions.  Since  the  human  perception  of  time  deals  with  relatively  short 
periods,  geologic  time  is  a  difficult  concept  for  students  to  understand  and  appreciate.  However,  it  is  a  critically 
important  concept  if  students  are  to  understand  such  concepts  as  the  formation  of  planets,  the  movement  of 
continents,  the  changing  of  climates,  the  evolution  of  organisms,  and  the  development  of  mountains.  This  illustrative 
example  emphasizes  the  nature  of  science  and  technology. 

Exploration 

-  Students  participate  in  a  discussion  on  different  explanations  of  the  origin  and  the  age  of  Earth  —  from  religious 
and  cultural  explanations  to  the  big-bang  theory.  In  exploring  these  ideas  it  is  important  for  students  to  examine 
the  evidence  that  has  been  collected  to  support  the  various  explanations  and  to  make  their  own  judgements 
about  the  relative  merits  of  each. 

The  above  exploration  may  lead  to  the  following  question: 

How  has  science  and  technology  helped  humans  attempt  to  determine  particular  events  in  Earth's  history? 
Development 

-  Relative  ages  of  rocks  and  events  in  Earth's  history  can  be  determined  by  applying  basic  Earth-science  concepts 
such  as  uniformitarianism,  original  horizontality,  and  superposition.  Students  should  examine  and  interpret 
geological  cross-sections  that  exhibit  folding,  faulting,  intrusions,  and  erosion,  in  order  to  determine  relative 
dating  or  sequencing  of  events. 

-  The  age  of  individual  events  or  objects  from  Earth's  history  can  be  determined  by  various  radiometric  dating 
techniques.  A  radioactive  decay  simulation  activity  using  coins  or  other  appropriate  objects  would  help  students 
understand  the  concepts  of  radioactive  decay,  isotopes,  and  half-lives. 

Application 

-  Students  complete  an  analysis  of  a  fictional  geological  cross-section  and  utihze  other  data  generated  by  relative 
dating  to  identify  the  age  of  particular  fossils. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  114-9,  115-7,  118-6 

-  SkiUs:  214-7,  214-8 

-  Knowledge:  330-12,  331-8,  332-5,  332-6 

-  Attitudes:  436,  442 
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Specific  learning  outcomes 


EARTH  AND  SPACE  SCIENCE 


Nature  of  science  and  technology 

114-  2     explain  the  roles  of  evidence,  theories,  and  paradigms  in  the  development  of  scientific  knowledge 

(e.g.,  describe  the  historical  developmejit  of  theories  to  explain  the  origin  of  the  universe) 

1 1 5-  3     explain  how  a  major  scientific  milestone  revolutionized  thinking  in  the  scientific  communities 

(e.g,  explain  how  the  discover)^  of  the  redshift  in  the  spectra  of  stars  contributed  to  our 
understanding  of  the  nature  of  the  universe) 

115-  5     analyse  why  and  how  a  particular  technology  was  developed  and  improved  over  time  (e.g,  conclude  that 

the  evolution  of  telescopes  from  the  optical  to  radio  to  the  Hubble  was  in  response  to  humankind's 
search  for  knowledge  about  the  universe,  or  that  the  use  of  constellations  in  navigation  was  in 
response  to  the  need  to  extend  the  ability  to  travel  over  long  distances  on  Earth) 

Relationships  between  science  and  technology 

1 1 6-  6     describe  and  evaluate  the  design  of  technological  solutions  and  the  way  they  function,  using  scientific 

principles  (e.g,  describe  the  way  a  telescope  functions  using  appropriate  principles  of  optics) 

Social  and  environmental  contexts  of  science  and  technology 

1 1 7-  6     analyse  why  scientific  and  technological  activities  take  place  in  a  variety  of  individual  and  group  settings 

(e.g,  analyse  the  individual  afid  group  actimties  required  to  study  various  components  of  the  universe) 

117-  11   analyse  examples  of  Canadian  contributions  to  science  and  technology  (e.g,  outline  the  role  of  the 

Canadarm  in  space  exploration) 

118-  8    distinguish  between  questions  that  can  be  answered  by  science  and  those  that  cannot,  and  between 

problems  that  can  be  solved  by  technology  and  those  that  cannot  (e.g,  distinguish  between  questions 
such  as  'What  information  has  science  provided  about  the  universe.^"  and  'How  ivell  does  science 
provide  explanations  for  the  origin  and  composition  of  the  universe.^") 


Astronomy 


SKILLS 

It  Is  expected  that  students  will... 


Initiating  and  planning 

212-6    design  an  experiment  and  identify  specific  variables  (e.g.,  propose  and  test  the  variables  that  will 
change  the  eccentricity  of  an  ellipse,  using  the  string-and-pin  method  of  drawing  ellipses) 

212-7     formulate  operational  definitions  of  major  variables  (e.g.,  given  data  such  as  diameter  and  density, 

describe  the  properties  that  divide  the  planets  and  moons  into  three  groups:  Jovian  planets,  telluric 
objects,  and  Ganymedian  objects) 

212-  8    evaluate  and  select  appropriate  instruments  for  collecting  evidence  and  appropriate  processes  for  problem 

solving,  inquiring,  and  decision  making  (e.g.,  ei^aluate  remote  sensing  methods  such  as  parallax, 
stellar  magnitudes,  and  telescopes  for  determining  different  characteristics  of  components 
in  the  universe) 

Performing  and  recording 

213-  3 

213-4 
213-6 


use  instruments  effectively  and  accurately  for  collecting  data  (e.g.,  observe  and  record  the  moi^ements 
of  celestial  objects,  using  a  telescope) 

estimate  quantities  (e.g.,  use  appropriate  astronomical  measurement  units) 

use  Ubrary  and  electronic  research  tools  to  collect  information  on  a  given  topic  (e.g.,  use  specialized 
journals  to  gather  information  on  current  research  in  astronomy) 


Analysing  and  interpreting 

214-1     describe  and  apply  classification  systems  and  nomenclature  used  in  the  sciences  (e.g.,  classify  stars 
according  to  temperature,  luminosity,  or  mass) 

214-  6    apply  and  assess  alternative  theoretical  models  for  interpreting  knowledge  in  a  given  field  (e.g.,  discuss 

different  cultural  interpretations  of  the  constellations) 

Communication  and  teamwork 

215-  3     synthesize  information  from  multiple  sources  or  from  complex  and  lengthy  texts  and  make  inferences 

based  on  this  information  (e.g,  determine  characteristics  of  different  galaxies  from  information 
gathered  from  various  multimedia  resources) 


Astronomy 


KNOWLEDGE 

It  is  expected  that  students  will.. 


333-1  compare  and  contrast  a  variety  of  theories  for  the  origin  of  the  universe 

333-2  describe  tools  and  methods  used  to  observe  and  measure  the  universe 

333-3  identify  and  compare  various  components  of  the  universe 

333-4  compare  characteristics  of  various  galaxies 

333-5  describe  the  hfe  cycles  of  stars 

333-6  compare  the  composition  of  stars  at  different  stages  of  their  hfe  cycles 


Specific  learning  outconnes 


EARTH  AND  SPACE  SCIENCE 


ILLUSTRATIVE  EXAMPLE 
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The  stars  and  other  celestial  objects  have  long  held  a  fascination  for  humans.  From  the  earhest  times  of  recorded 
history;  humans  have  attempted  to  explain  what  is  in  space.  Students  should  be  provided  with  opportunities  to  focus  on 
the  components  of  the  universe  beyond  Earth  and  the  solar  system.  Through  various  learning  activities,  students  identify 
and  describe  the  various  components  of  the  universe  and  develop  an  appreciation  of  the  vast  distances  between  these 
components.  This  illustrative  example  emphasizes  the  nature  of  science  and  technology  and  the  unifying  concept  of 
similarity  and  diversity. 

Exploration 

-  Students  could  be  engaged  in  a  general  discussion  or  brainstorming  session  about  the  nature  of  the  universe. 
This  should  lead  to  the  identification  of  recent  advances  in  technology,  such  as  optical,  radio,  and  orbiting  telescopes, 
which  have  allowed  astronomers  to  observe  the  various  components  of  the  universe  and  to  speculate  on  what  has 
happened  in  the  past  and  what  might  happen  in  the  future. 

The  above  exploration  may  lead  to  the  following  question: 
How  are  other  stars  similar  to  and  different  from  the  sun? 

Development 

-  Students  could  use  the  Hertzsprung-Russell  diagram  to  study  theories  of  stellar  evolution.  This  could  lead  to  a 
discussion  of  the  frequency  of  stars  similar  to  our  sun  and  the  possibiHt\'  and  probabiht\'  of  other  planets  similar 
to  Earth. 

-  Students  could  develop  an  appreciation  of  the  size  of  the  universe  and  the  vast  number  of  stars  iind  other  components. 
Students  should  be  able  to  understand  the  idea  that  because  of  the  vast  distances,  the  light  reaching  our  eyes  and 
our  instruments  is  millions  of  years  old,  and  therefore  our  present  view  of  distant  objects  in  space  is  actually  a 
look  back  in  time.  What  we  are  presently  seeing  is  a  snapshot  of  what  happened  millions  of  years  ago. 

Application 

-  The  study  of  star  formation  and  evolution  may  help  students  understand  the  chemistrv'  of  Earth's  rocks,  air,  water, 
and  hfe. 

-  Students  speculate  about  the  possibility  of  life  elsewhere  in  the  universe.  This  could  lead  to  a  discussion  of  the 
necessary  requirements  for  human  hfe,  and  of  the  idea  that  different  life  forms  may  have  different  requirements. 

This  illustrative  example  suggests  ways  students  can  be  led  to  attain  the  following  learning  outcomes: 

-  STSE:  115-5 

-  Skills:  213-6,  214-1 

-  Knowledge:  333-2,  333-5,  333-6 

-  Attitudes:  436,  439 


Terms  and  definitions 


Attitude  indicators 

Indicators  are  listed  for  each  general  learning  outcome  for  attitudes. 
Although  the  indicator  lists  are  not  exhaustive,  they  provide  examples 
of  student  behaviour  that,  when  observed  regularly,  indicate  a  desire 
to  act  in  certain  ways.  These  behaviours  can  be  considered  evidence 
of  attitude  development.  Attitude  indicators  are  not  intended  to  be 
used  for  formal  evaluation. 

Cluster 

The  specific  learning  outcomes  are  presented  in  four  clusters  at 
each  grade.  These  clusters  are  designed  to  show  a  strong  STSE 
focus  and  to  allow  for  reinforced  relationships  between  the  STSE, 
skills,  knowledge,  and  attitudes  foundations.  An  illustrative  example 
provides  a  context  for  each  cluster. 

CMEC 

The  Council  of  Ministers  of  Education,  Canada  (CMEC)  is  the 
national  voice  for  education  in  Canada.  The  ministers  responsible 
for  education  established  the  Council  in  1967.  Through  CMEC, 
ministers  can  take  collective  action  in  the  national  interest  while, 
at  the  same  time,  maintaining  responsibility  for  individual  education 
systems. 


Foundation  statements  for  scientific  literacy 

The  foundation  statements  form  the  basis  of  the  framework. 
They  are  the  starting  point  for  the  development  of  all  subsequent 
work.  They  identify  the  key  components  of  scientific  literacy.  The  four 
foundations  are  STSE,  skills,  knowledge  and  attitudes. 

Framework  of  learning  outcomes 

A  document  that  identifies  what  students  are  expected  to  know  and 
be  able  to  do  —  that  is,  their  knowledge,  skills,  and  attitudes  —  in  a 
particular  subject  area. 

General  learning  outcomes 

General  learning  outcomes  are  set  out  for  the  end  of  grades  3, 
6,  9,  and  12.  They  are  intended  to  be  broad  statements,  indicating 
what  students  should  know  and  be  able  to  do  by  the  time  they 
reach  these  key  points  in  their  education. 


Grade  groupings 

Grade  divisions  of  K  to  3,  4  to  6,  7  to  9,  and  10  to  12  are  used 
in  the  framework. 

Illustrative  examples 

Illustrative  examples  are  intended  to  show  the  richness,  breadth, 
and  depth  of  a  selection  of  learning  outcomes,  particularly  with 
respect  to  higher-order  thinking,  applied  learning,  real-life  applications, 
and  problem  solving.  Each  illustrative  example  has  the  following 
format:  an  introductory  paragraph  that  provides  a  context  for  the 
illustrative  example;  an  exploration  section  that  describes  some 
potential  activities  that  could  loe  used  as  motivators  and  activators 
of  prior  knowledge;  focussing  questions  that  could  be  raised  by 
students  following  the  exploration  section;  a  development  section 
that  formally  engages  students  in  their  learning;  and  an  application 
section  that  engages  students  in  applying  their  learnings  in  other 
contexts. 

Pan-Canadian  Protocol  for  Collaboration  on  School  Curriculum 

A  protocol  signed  by  the  Ministers  of  Education  in  February  1995. 
The  protocol  outlines  the  assumptions  underlying  collaboration, 
the  object  of  collaboration,  definitions  and  operations,  and  procedures 
for  pan-Canadian  collaborative  activities  related  to  school  curriculum. 


Specific  learning  outcomes 

Specific  learning  outcomes  for  STSE,  skills,  and  knowledge  identify 
what  students  are  expected  to  know  and  be  able  to  do  for  each 
particular  grade,  from  K  to  10.  For  grades  11  and  12,  specific  learning 
outcomes  are  only  stated  for  the  end  of  grade  12. 

STSE 

Acronym  for  science,  technology,  society,  and  the  environment. 
Unifying  concepts 

Unifying  concepts  are  meant  to  integrate  big  ideas  as  a  way 
of  providing  a  context  for  explaining,  organizing,  and  connecting 
knowledge.  Unifying  concepts  link  the  theoretical  structures  of  the 
various  scientific  disciplines  and  show  how  they  are  logically  parallel 
and  cohesive;  they  are  also  instructional  tools  that  cut  across 
disciplines  and  may  apply  equally  well  to  mathematics, 
technology,  business,  and  politics. 


Trends  in  science  education  that  informed  the  development 
of  the  Common  Framework  of  Science  Learning  Outcomes  K  to  12 


Many  national  and  international  initiatives  influenced  the  development 
of  the  Common  Framework  of  Science  Learning  Outcomes  K  to  12. 
Taken  together,  they  revealed  certain  trends  that  influence  today's 
science  education  and,  consequently,  this  framework. 

Documents 

Major  initiatives  in  science  education  that  were  considered  during 
the  development  of  the  framework  include  the  following. 

Science  for  Every  Student.  Report  36,  Science  Council 
of  Canada  (C^anada) 

The  Science  Council  of  Canada,  in  its  1984  report,  described  the 
importance  of  Canadian  citizens  acquiring  a  good  working  knowledge 
of  science  concepts  and  the  inquiry  skills  that  would  allow  them  to 
apply  these  concepts  to  the  world  around  them.  Since  the  release 
of  this  report,  curriculum  development  in  Canada  and  other  countries 
has  emphasized  the  importance  of  developing  a  scientifically  literate 
population,  while  at  the  same  time  providing  opportunities  for 
those  students  with  special  aptitudes  and  interests  in  scientific  fields 
to  grow  in  a  challenging  learning  environment. 


Report  on  Science  Assessment,  School  Achievemeftt  Indicators 
Program  (Canada) 

The  School  Achievement  Indicators  Program  (SAIP)  is  an  initiative 
of  CMEC.  The  1996  assessment  was  designed  to  examine  the 
achievement  of  13-  and  16-year-old  students  in  science.  The  SAIP 
framework  and  criteria  were  developed  to  reflect  the  breadth 
of  what  students  should  know  and  be  able  to  do  in  terms  of: 
knowledge  and  concepts  of  science,  nature  of  science,  relationship 
of  science  to  technology  and  societal  issues,  and  science  inquiry  skills. 

Benchmarks  for  Science  Literacy  (USA) 

Benchmarks  for  Science  Literacy  is  a  companion  repoit  of  the  Science 
for  All  Americans  publication  related  to  Project  2061,  which  promotes 
literacy  in  science,  mathematics,  and  technology.  Considered  a  major 
reform  document,  it  provides  directions  to  curriculum  designers 
and  describes  benchmarks  for  grades  2,  5,  8,  and  12.  The  major 
"organizers"  for  this  document  are:  the  nature  of  science,  the  nature  of 
mathematics,  the  physical  setting,  the  living  environment,  the  human 
organism,  the  human  society,  the  designed  world,  the  mathematical 
world,  historical  perspectives,  and  habits  of  mind. 


National  Science  Education  Standards.  National  Research  CouncU  (USA) 

This  document  presents  a  collection  of  standards  that  support  a 
vision  for  a  scientifically  literate  population.  The  standards  outline 
what  students  need  to  know,  understand,  and  be  able  to  do  to  be 
scientifically  literate  at  different  grade  levels.  The  standards  are 
presented  within  three  clusters,  namely  K  to  4,  5  to  8,  and  9  to  12, 
and  are  organized  according  to  the  following  eight  categories:  unifying 
concepts  and  processes  in  science,  science  as  inquiry,  physical  science, 
life  science,  Earth  and  space  science,  science  and  technology, 
science  in  personal  and  social  perspective,  and  the  history  and  nature 
of  science. 

A  Curriculum  Profile  for  A  ustralian  Schools  (Australia) 

This  document  provides  a  framework  for  curriculum  development. 
It  defines  the  discipline  of  science,  outlines  its  essential  elements, 
shows  what  is  distinctive  about  science,  and  describes  a  sequence 
for  developing  scientific  knowledge  and  skills.  The  science  profile 
describes  science  outcomes  in  five  strands:  earth  and  beyond,  energy 
and  change,  life  and  living,  natural  and  processed  materials,  and 
working  scientifically.  These  strands  are  presented  across  eight  levels 
of  achievement  representing  the  years  of  compulsory  schooling 
(years  1  to  10). 

Journal  articles  and  conferences 

A  variety  of  journal  articles,  referenced  in  the  bibliography, 
was  also  consulted. 

Also  considered  during  the  development  of  the  framework  was  a 
series  of  science  vision  conferences  held  in  participating  jurisdictions 
at  the  onset  of  the  project.  Each  jurisdiction  was  encouraged  to  use 


existing  processes  to  involve  its  education  stakeholders  in  a 
discussion  of  a  vision  and  focus  for  the  Common  Framework  of 
Science  Learning  Outcomes  K  to  12.  All  the  participating  jurisdictions 
contributed  the  results  of  their  vision  conferences  to  the  initial  stages 
of  the  framework's  development.  This  information  was  used  to 
inform  and  guide  the  development  of  the  vision,  the  introductory 
material,  and  the  learning  outcomes.  The  vision  and  introductory 
material  underwent  a  consultative  draft  review  and  received  approval 
from  all  participating  jurisdictions. 

Curriculum  comparability  study 

A  curriculum  comparability  study  was  completed  during  the  project. 
The  study  included  science  curricula  from  the  following  participating 
jurisdictions:  the  Atlantic  provinces,  through  the  Atlantic  Provinces 
Education  Foundation  and  the  Fondation  des  provinces  de  I'Atlantique; 
New  Brunswick  (francophone);  Quebec;  Ontario  (anglophone 
and  francophone);  Manitoba  (anglophone  and  francophone); 
Saskatchewan;  Alberta;  British  Columbia;  and  Northwest  Territories. 
The  study  summarized  the  current  status  of  science  programs  in 
participating  jurisdictions  and  completed  a  preliminary  analysis  of 
the  learning  expectations  that  were  part  of  the  jurisdictk)nal  curricula. 
The  study  was  used  as  an  internal  document  during  the  development 
of  the  framework. 


Current  trends 

From  the  above  resources,  the  following  trends  were  identified  and 
used  as  a  base  for  the  development  of  the  framework: 

1.  Scientific  literacy  is  essential  for  all  students,  regardless 
of  gender  and  cultural  background. 

2.  Scientific  literacy  is  a  journey  on  which  all  students  should 
be  encouraged  to  embark,  both  formally  and  informally. 

3.  A  scientifically  literate  individual  needs  to  acquire 
certain  knowledge,  skills,  and  attitudes;  to  develop  inquiry, 
problem-solving  and  decision-making  abilities;  to  become  a 
lifelong  learner;  and  to  maintain  a  sense  of  wonder  about 
the  world. 

4.  Science  education  programs  should  include  the  science, 
technology,  society,  and  the  environment  (STSE)  perspective, 
and  should  promote  skills,  knowledge,  and  attitudes  that 
will  ensure  the  development  of  scientific  literacy  in  all 
students. 

5.  The  STSE  perspective  must  be  a  major  driving  force  in 
science  education,  to  make  student  learning  relevant  and 
meaningful. 


New  directions 


The  Common  Framework  of  Science  Learning  Outcomes  K  to  12 
provides  all  participating  jurisdictions  with  the  opportunity  to  develop 
science  curricula  that  will  promote  a  pan-Canadian  vision  for  the 
development  of  scientifically  literate  citizens.  The  framework  provides 
jurisdictions  with  a  current,  high-quality  set  of  learning  outcomes 
that  establishes  a  direction  for  the  future  of  science  education 
in  Canada.  As  jurisdictions  develop  new  science  curricula  that  align 
with  the  framework,  new  directions  will  include  the  development 
of  measurable  and  observable  learning  outcomes  in  the  following 
areas:  science,  technology,  society,  and  the  environment;  skills; 
knowledge;  and  attitudes. 

Science,  technology,  society,  and  the  environment  (STSE) 

The  STSE  foundation  provides  three  dimensions  for  developing 
curriculum  with  a  strong  STSE  focus.  The  dimensions  are:  the 
nature  of  science  and  technology;  the  relationships  between  science 
and  technology;  and  the  social  and  environmental  contexts  of 
science  and  technology.  The  specific  learning  outcomes  for  each 
dimension  articulate  what  students  should  know  and  be  able  to  do 
at  each  grade,  from  kindergarten  to  grade  12. 


Skills 


The  skills  foundation  clearly  identifies  a  set  of  specific  learning 
outcomes  for  developing  scientific  skills.  Rather  than  listing  the 
traditionally  accepted  skills,  the  framework  articulates  a  set  of  outcomes 
that  clearly  identifies  the  skills  students  should  be  developing  at  a 
particular  grade,  within  a  particular  learning  context. 

Knowledge 

The  framework  provides  an  outline  for  each  of  the  three  science 
disciplines  —  life  science,  physical  science,  and  earth  and  space 
science.  A  progression  of  ideas,  developed  from  kindergarten 
to  grade  12  for  each  discipline,  provides  curriculum  developers 
with  clear  direction  for  further  enhancing  the  learning  experience. 
The  knowledge  foundation  is  intended  to  reduce  the  volume  of 
material  traditionally  covered  in  science  curricula,  and  to  ensure 
that  students  are  not  learning  isolated  bits  of  information,  but  rather 
are  developing  a  greater  understanding  of  science  through  the 
appropriate  contexts. 


Attitudes 


Because  attitudes  are  developed  and  subsequently  observed  over 
a  period  of  time,  the  attitude  foundation  in  the  framework  contains 
only  general  learning  outcomes  and  their  accompanying  indicators. 
The  attitudes  foundation  is  intended  to  provide  a  variety  of 
opportunities  for  curriculum  developers  to  include  attitude-related 
learning  outcomes  and  indicators  in  their  science  curricula. 
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